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(54) GLYCOCONJUGATES OF OPIATED SUBSTANCES 

(57) They are comprised of a series of derivatives of 
carbohydrates of a family of biologically active opiated 
agents, which present in their structure at least one res- 
idue of carbohydrate per opiate molecule, linked directly 
to a hydroxyl group of the opiate or through a C-glyco- 
side bond formed between two functions situated at 
each of the two constitutive parts of the glycoconjugate. 
Said derivatives contain more than one carbohydrate 
residus and/cr more than one opiate molecule per car- 
bohydrate residue. The acid salts and the compounds of 
said opiated glycoconjugates are also included in the 
disclosed compounds of said invention. 



< 

in 

CO 
CO 

00 

o 

Ql 
LU 



Printed by Xerox (UK) Business Services 
2.15.8/34 



EP 0 816 375 A1 

v Description 

In spite of at least five thousand years of long medicinal use of opium and more than a century experience on the 
therapeutic administration of one of its pure components (morphine) no significant progress has been made in avoiding 

5 the typical side effects of the opiate drugs such as tolerance, dependence, constipation and respiratory depression. A 
solution to these problems was suspected very close after the discovery of the endogenous opioids, the enkephalins in 
1 975. Owing to their endogenous nature it was thought that they may be free of side effects. However, very early studies 
showed that external administration of these peptides induced similar secondary effects as their opiate counterparts. In 
addition, as other peptides, the enkephalins have proved to be enzymatically labile and expensive to prepare and purify 

10 in large quantities. In summary, twenty years of intensive research on structure-activity relationship studies on these 
peptides have failed to provide neither a commercial analgesic drug of peptidic nature nor a solution to the side effects 
of opioids. As a consequence of this situation and although morphine and its synthetic analogues are far from the ideal 
prototype of an analgesic drug, they remain the most widely used phamaceuticals for the control of chronic pain. Hence, 
a typical dose of 10 mg of morphine delivered intravenously or intramuscularly, reduces awareness of pain, sedative 

is effects, contraction of pupils and depression of cough reflex are always experienced by the patient. Other semisynthetic 
drugs, analogues of morphine which are currently used for the treatment of severe pain include hydromorphone, 
diamorphine (heroin) and oxymorphone. Similarly, codeine, dihydrocodeine and nalbuphine are also commonly 
employed for their milder analgesic properties. Codein is also an important antitussive and, thus, can be found as the 
main ingredient in a wide variety of cough mixtures. Other antitussive drugs are pholcodine, ethylmorphine, hydroco- 
^r^. 20 deine and oxycodone. Along this family,otmorphine*elated structures , the opioid antagonist, naloxone; te-ussd in the - 
treatment of respiratory depression caused by opioid overdosis. 

These semisynthetic opiates are commercially prepared by chemical modification of opium extracted morphine, 
codeine and thebaine. However, in spite that these chemical preparations are always difficult to achieve on a large scale 
and that precursors such as thebaine are often in limiting supply, factors such as low marked prices and extensive doc- 

25 umented clinical use of morphine-related compounds still prevent other analgesic drugs to reach the pharmacopeia. 
With this in mind, feasible candidates to future analgesics are more likely to succed if they are based on current opiate 
structures. Towards the development of new pharmaceutical opiates showing better therapeutic prof iles by modification 
of well known pain-related substances, strategies addressed at improving factors such as potency, half-life and blood- 
brain barrier passage are to be considered. In persuing this goal, other aspect of particular relevance that will be con- 

30 sidered is the preparation of new opioid analogues less likely to have unwanted side effects such as respiratory depres- 
sion and constipation. 

Natural conjugation of medicinal drugs during metabolism often results in metabolites of reduced potency, there- 
fore, conjugation was thought to terminate pharmacological activity of a compound. However, in recent years it has 
been disclosed that some of the glycoconjugate metabolites of morphine, namely morphine-6-glucuronide may be sev- 

35 eral times more active than the parent drug. The concentration of morphine-6-glucuronide in blood of patients taking 
morphine is two fold higher than morphine while the concentration of other metabolites such as morphine-3-glucuronide 
exceeds that of morphine approximately 20-fold. Interestingly enough, the 3-glucuronide is not analgesic but rather an 
antagonist of both morphine and the 6-glucuronide. In accordance, the analgesic effect of morphine is probably the 
result of the complex interaction and interconversion of the drug and this two main metabolites (J.G. Mulder, Pharma- 
*.^&s&zsz *-s 40 " cological effects of drug-conjugates: is morphine 6-glucuronide an exception? Trends irFFharmacol. Sci.f-1992, 13, 
302-304). The very opposite biological properties of these two natural analogues illustrate how crucial is the anchoring 
site of the glucuronide at confering analgesic properties. 

In addition of being much more active than morphine when injected intrathecal! y, the 6-glucuronide of morphine 
also shows central analgesic action by peripheral administration. Apparently, the compound passes the blood-brain bar- 

45 rier (BBB) by diffusional transport more easily than anticipated from a polar structure of this kind. Recent conformational 
studies (P. A. Carrupt et al., Morphine 6-glucuronide and morphine 3-glucuronide as molecular chamaleons with unex- 
pected lipophilicity., J. Med. Chem., 1991 , 34, 1272-1275; P. Gaillart et al. The conformation-dependent lipophilicity of 
morphine glucuronides as calculated from their molecular lipophilicity potential, Bioorg. Med. Chem. Lett., 1994, 4, 5, 
737-742) indicate that in aqueous media the structure of the glucuronides is extended to expose the polar groups for 

so interaction with water molecules. However, a folded form that shields the polar groups is also possible which, in turn, 
may be responsible for the unexpected lipophilicity of these conjugates enabling their passage through biological mem- 
branes. The only experimental evidence available tor the passage of the BBB by morphine glucuronides concerns phys- 
ical diffi isionjransrjqrt but not involvement in mechanisms of active transport 

Applications of the above discussed properties of morphine glucuronides and of other opiate glucuronides are very 

55 few. Thus, the only patent exploiting the higher potency of the 6-glucuronide and its longer biological half-life for nasal 
delivery of opioid analgesics is Patent no. W093/1 5737 (Composition for nasal administration containing polar metab- 
olites of opioid analgesics). Moreover, before the knowledge of the analgesic properties of morphine glucuronides, only 
two patents, both based on the glucuronides of opioid antagonists had been filed. The main claim of Patent no. EP 
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\j 0324212, 19.07.1989 (Glucuronic acid derivatives of opioid antagonists) is based on the properties of glucuronides of 

opiate antagonists such as nalmefene, naloxone and naltrexone for the treatment of constipation resulting from long 
exposure to opioids, while the second patent (Patent no. J 54105237, 1978, Analgesic composition containing nalor- 
phin-6-glucuronide) is centered on nalorphine. 

s The potential therapeutic applications of the naturally occurring morphine glucuronides has prompted the develop- 
ment of alternatives to early manufacturing procedures (i.e., H. Yoshimura et al. Metabolism of drugs. LX. Synthesis of 
~ codeine and morphine glucuronides., Chem. Pharm. Bull., 1968, 16, 11, 2114-2119; H.Yoshimura^ < 
of codeine and morphine D-glucuronides., Tetrahedron Lett., 1968, 4, 483-486; B. Berrang et al. Synthesis of mor- 
phine-3-glucuronide, Synth. Commun. 1975, 5, 3, 231-236.). One of such methods is described in a recent patent 

w granted for the manufacture of morphine glucuronides and a series of analogues (Patent, no. WO93/0305 1 , 1 8.02. 1 993 
A process for making morphine 6-glucuronide or substituted morphine 6-glucuronide.). A common feature of the ana- 
logues claimed on this patent is the presence of a glucuronate ester and/or substituted giucuronate ester on a morphine 
or substituted morphine molecule. This is to say that the core structure of these analogues is always the naturally occur- 
ring morphine-6-glucuronide structure where the nature and relative position of the bond linking the carbohydrate part 

is and the opiate is identical to the natural parent compound. 

Conjugation of pharmaceutical drugs other than glucuronidation, e.g. non-natural conjugation by chemical glycosi- 
dation with simple sugars, has not received much attention. Thus, only very recently such a strategy has been assayed 
on analgesic drugs, in particular, opioid' peptides rather than opiates have been examined. It has been found that sugar 
derivatives of two families of synthetically prepared enkephalin analogues are among the most potent opioid agonists 

fsxt&srnemni-. .< -.already known -Thes8*glycopeptides- induce profbund-and-long lastirsgianaJyasia (R:E. Rodriguez-et alr^N&tifrglyco- ~ ■wytofe^ 

sylpeptides with high antinociceptive activity., Neurosci. Lett., 1989, 101, 89-94 and R. Polt et al., Glycopeptide 
enkephalin analogues produce analgesia in mice: Evidence for penetration of the blood-brain barrier., Proc. Natl. Acad. 
Sci. USA, 1994, 91 , 71 14-71 18). The rational idea for designing such molecular assemblies was to attach, to an opioid 
molecule which is not transported throughout the BBB, a substance like glucose which has its own active transporting 

25 system into the brain. In this way, it was expected that the glucose moiety on the peptide-sugar conjugate could be rec- 
ognized by the glucose transporting system that, in turn, would bring the whole conjugate into the brain. In other words, 
the glucose moiety would function as a transport vector allowing the glycopeptide to be transported throughout the BBB 
up to the endogenous opioid receptors within the brain. It is worth noting that the first of the two publications demon- 
strates that opioid potency is a function of carbohydrate nature. Thus, the potency of a galactose analogue was approx- 

30 imately 1700 times higher than the corresponding one of glucose by intracerebroventricular (i.c.v.) administration. 
Although this fact may be partly explained in terms such as differences in transportability, diffusion and resistance to 
glycosidic enzymes, so far, the evidence available is still fragmentary and a full explanation awaits a complete structure- 
activity relationship study and further pharmacological and biochemical testing. Regretably, the main problem prevent- 
ing a quick progress in this field is the intrinsic nature of glycopeptide molecules which present serious difficulties for 

35 synthesis and purification. 

A second early example of peptide drugs that show improved properties when modified by simple sugar entities is 
presented in patent no. WO88/02756, 21.04.1988 (Peptide derivatives) which was later presented as a scientific publi- 
cation (R. Albert et al. SDZ CO 61 1: A highly potent glycated analog of somatostatin with improved oral activity., Life 
Sci. , 1 993, 53, 51 7-525.). These documents describe a range of peptides such as somatostatin, calcitonin, LH-RH, oxy- 

throughout'eithe^ 

nes reactions. 

In spite of the limited examples available of glycosidated drugs and the fact that the role of the carbohydrate part is 
far from being well stablished, there is an increasing number of glycoconjugate drugs that are now proving to be supe- 
rior than the non-glycosidated counterparts for the treatment of various conditions. Examples of this growing evidence 

45 are the following. Dexamethasone-sugar conjugates have shown potential as prodrugs for colon specific delivery of 
these antiinflammatory substances (B. Haeberlin et al., In vitro evaluation of Dexamethasone-p-D-glucuronide for 
colon-specific drug delivery. Pharmaceutical Res., 1993, 10, 11, 1553-1562). Moreover, retinamide glycoconjugates 
have shown promise as more potent breast cancer chemopreventive agents than the non-glycosidated analogues (H. 
Abou-lssa et al. In vivo use of N-(4-hydroxyphenyl retinamideyo-glucuronide as a breast cancer chemopreventive 

50 agent, Anticancer Res. 1993, 13, 1431-1436). 

By the above considerations, it may be suspected that by choosing the right carbohydrate moiety and preparing a 
proper glycoconjugate drug it may be possible to modulate important features of a variety of therapeutic drugs. How- 
"--z^--^.-^ ever, at the same tirnj, serious drawbacks can also beJorsseen when attempting to bring thfe *heory-^intp..practice. -* •■ — 

These difficulties are well illustrated with the morphine glucuronides. As already discussed, two regioisomeric mole- 

55 cules, M3G and M6G, with the same glycosyl moiety on the same molecule but with different attachment site to the mor- 
phine core structure, with opposite biological functions are found in nature. In persuing the modulation of a particular 
biological feature by chemically bonding a sugar to an existing drug, this dramatic influence of just one factor, as shown 
in this example, enormously rises the complexity in finding the proper glycosyl moiety, a suitable chemical bond and a 
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* right bonding site that leads to a biologically active regioisomer. This is a straight consequence of the multifunctional 

character of sugar molecules which is often complicated by the various functional groups present on the structure of the 
drug. Moreover, an added difficulty is derived from the very few data available on the biological effects produced by giy- 
cosidation of pharmaceutical drugs. Owing to these facts, there is no garantee of success when extrapolation tech- 

5 niques of biological effects are used to choose among the different sugar-drug constructs that can be designed. This is 
even true when considering only one biological class of compounds and may be explained on the bases of every drug 
. own structural features. An illustrative example of this rationale can also be found among analgesic compounds. It is 
well known that both morphine-related substances, the opiates, and enkephalin analogues, the opioid peptides, induce 
similar biological effects. This is so in spite of their very different chemical structures. In the case of the former, an alka- 

10 loid core structure, multifunctional rigid, polar and smaller molecule has nothing in common with the latter, a short pep- 
tide backbone, Afunctional, flexible, switterionic and larger molecule. In accordance, is at high risk of failure that 
extrapolation of the fragmentary biological data on glycosidation of opioid peptides, discussed above, can be consid- 
ered of relevance when persuing, for instance, a similar approach for opiate molecules. 

In spite of the above described uncertainties and difficulties we have been able to demonstrate that certain sugar 

15 derivatives (glycoconjugates) of a range of opiates, including morphine, may function as prodrugs. Thus, by making the 
right choice of sugar moiety, BBB passage may be facilitated, the analgesic potency increased and the therapeutic 
effect boosted. This, in turn, may contribute to lower the therapeutic doses of commonly used analgesic opioids and. 
•■ eventually, reduce their insiduous side effects. In other words, by the present invention, a new range of synthetic opiate 
glycoconjugates which in a way mimic the natural morphine glucuronides is proposed as a novel class of analgesic sub- 

.number^rt^dv - 

parts. The presence of a saccharide part make this hibrid molecules less prone to enzymatic degradation and thus 
improve their therapeutic life. Blood-brain barrier passage is also facilitated since the presence of saccharide moieties 
on the opiate molecules may fool the glucose active transport systems and thus allow the leaking of the opiate across 
the membranes. These proposed glycosilated molecular entities show potency enhancement than may be also 

25 explained by sugar-sugar affinity interactions between opioid receptors alredy composed by glycoproteins and the sac- 
charide structures on the opiate. 

In accordance, this invention relates to sugar derivatives of biologically active opiates. The object of the present 
invention is to provide a range of sugar derivatives of a series of biologically active opiates, such derivatives have 
enhanced analgesic potency if compared to the non-sugar modified opiates and carry at least one sugar residue per 

30 opiate molecule which is attached by direct O-glycosidic bond or ether coupling to one hydroxyl group of the opiate or 
by means of a C-glycosidic bond between two other suitable functions on the two constituting moieties. The sugar deriv- 
atives may also include in their molecule a linear or branched aliphatic or aromatic residue or a sulfate(s) or fosfate(s) 
group(s). 

The compounds described above are referred from now on to as compounds of the invention and are also named 
35 opiate glycoconjugates. 

The term non-sugar modified opiate is defined as the structurally corresponding opiate with no sugar residue 
attached onto its molecule. This is referred from now on to as unmodified opiate. 

As described later the compounds of the invention show enhaced analgesic properties and we have found that 
such improvement is induced by the incorporation of the sugar residue or residues. 
^^^^^s^om^' ^The^erm oplaie-as-used^hei^ 

ing, e.g., morphinans, benzomorphans, methadones and phenylpiperidines. This class of compounds may also be 
termed as narcotic analgesics or morphine-like opiates. 

By biologically active opiate is meant particular compounds having pharmacological and therapeutical activities in 
relation to analgesia, cough, dyspnea, constipation, anesthesia and diarrhea or which stimulate or inhibit such activity. 
45 These biologically active opiates include opiate substances isolated from nature or synthesized, also their derivatives 
or analogues are included in this group. 

Under terms such as derivatives and analogues are included, in particular, both natural and synthetic opiates, 
wherein their basic opiate molecular pattern has been replaced by a different opiate molecular structure, e.g., morphi- 
nan by methadone motif, and/or wherein one or more functional groups have been replaced by one or several other iso- 
50 steric groups. In a wider sense, the terms cover all modified derivatives of biologically active opiates which exhibit a 
qualitatively similar effect to that of the parent unmodified opiate. 

The sugars or carbohydrates referred may be , e.g., any known mono- or oligosaccharide, especially a mono- di- 
m . . ..rs, or triose or a derivative thereof,, e.g., an amino and/or carboxyjic acid angler reduced and/or esterified ^nd'or sulfated 
and/or phosphated derivative thereof. 
55 The sugar moiety can be coupled .e.g., to a hydroxyl group and/or tiol group and/or carbon atom of the opiate mol- 
ecule. 

The sugar may be coupled by one of its functional groups to the opiate either directly or indirectly by a linker or 
spacer unit, e.g, NHCO or NHCS. This coupling can be made by conventional means, especially as later described. 
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v In a series of preferred compounds of the invention, the sugar residue is attached to an hydroxyl group of the opiate 

by an O-glycosidic bond. This group of compouds of the invention can be prepared by different methods of glycosidic 
bond formation, e.g., the Koenigs-Knorr reaction, Helferich, Hannessian or Schmidt procedures. 

A series of compounds of the invention can be prepared by forming an ether bond between the opiate and the 
5 sugar molecules. Further series can be produced by C-glycosidic bond between these moieties. 

The invention provides either oral or parenteral pharmacological preparations containing a compound of the inven- 
tion especially those based on morphine. 

The present invention provides, in particular, the following sugar derivatives of biologically active opiates of formu- 
lae: 

10 

a) 




25 

is a glycosyl residue being linked via glycosidic bond to an hydroxy! group of a biologically active opiate, R-i is 
hydrogen, hydroxyl group, a saturated or insaturated or aromatic linear or branched or cyclic alcohol and/or acid 
residue with 1 to 18 C-atoms. a sulfate(s) or phosphate(s) residue(s) and R is the residue of a biologically active 
opiate of formula R-OH, wherein the OH group is either an alcohol or a phenol function. 
30 b) 



35 

Formula II 



O 

II 

C-R 2 




is a residue of an uronic acid, R 2 is hydroxyl, amino, a saturated or insaturated or aromatic linear or branched or 
50 cyclic amine or alcohol residue with 1 to 18 C-atoms and R is the residue of a biologically active opiate of formula 
R-OH, wherein the OH group is either an alcohol or a phenol function. 

"^*A 3 -d-R Formula III 

55 

wherein A 3 -0- is a glycosyl residue being linked via ether bond to an hydroxyl group of a biologically active opiate 
and R is the residue of a biologically active opiate of formula R-OH, wherein the OH group is either an alcohol or a 
phenol function, d) 
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Formula IV '*-07S 



wherein 



w H 



75 is a deoxy glyctdyl residue being coupled via C-C single bond to an atom carbon of a biologically active opiate and 
R is the residue of a biologically active opiate, 
e) 

j. ::^?7^x-or 

Formula V A 5 - / 



wherein 



30 




is a sugar residue, R denotes the residue of a biologically active opiate of formula R-OH and X is a linker group, 
i.e., NHCO or NHCS coupling the opiate to the sugar residue. 

36 

The acid salts and complexes of these opiate giycoconjugates are also considered among the compounds of the 
invention. 

The above mentioned sugar residues may be mono-, di- or oligosaccharides. These sugars may contain heptoses, 
hexoses and/or pentoses, which, in turn, may be present in the form of pyranoses or furanoses. 
-«ste^^^t^n:^ per'opiate is*givens-How6ve^ttie-'inv^ 

derivatives of opiates having more than one free hydroxyl group on the opiate molecule and therefore these structures 
may contain, e.g., 2 or 3 sugar residues per opiate unit. In accordance, the invention also provides all biologically active 
opiate derivatives which have more than one sugar residue coupled as above defined. These opiate giycoconjugates 
preferably contain 1 to 3 monosaccharide units which may also be joined in the active molecule as a disaccharide or 
45 trisaccharide. 

Among other possibilities on the ratio of opiate per sugar molecules a particular one which involves a single sugar 
molecule covalently linked to more than one opiate molecule is also considered for the purpouses of the present inven- 
tion. 

In all the given formulae, the sinuous line ( ) means that the sugar units may be either in the form of the alfa or beta 
so anomer. 

In formula I the radical depicted as A 1 is preferably: 

a) A residue of the focniujg VJ.a. . ^ 
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Formula VI. a IV 

wherein one of the radicals R a and R b is hydrogen and the other is Fh or NH 2 or NHOCOCH 3 , one of the radicals 
10 Rc and Rd is hydrogen and the other is R-i or O-glycosyl, being the glycosyl radical derived from a reducing mono- 
, di- or oligossacharide, one of the radicals, R e and R ( is hydrogen and the other is R-| or O-glycosyl, being the gly- 
cosyl radical derived from a reducing mono-, di- or oligossacharide, one of the radicals R g and R h is hydrogen and 
the other is CH 2 -R 1 or O-glycosyl, being the glycosyl radical derived from a reducing mono-, di- or oligossacharide, 
the radial Rj is hydrogen or CH 2 OH, and the radical R«| as described above, e.g., wherein radicals R a to R h are 
7 5 selected in such a manner that the residues of Formula Vl.a correspond to a radical which is amenable by a glyco- 
side bond reaction formation from a natural or synthetically accesible mono-, di- or oligossacharide derivative. 

The following residues may be mentioned as examples of sugar residues of formula Vl.a, glucosyl, galactosyl, 
mannosyl, fucosyl, xylosyl, rhamnosyl, glucosaminyl, N-acetyl-glucosaminyl, octylglucopyranosyl, ciclohexylglu- 
copyranosyl, benzylglucopyranosyl, glucosyl sulfate, glucosyl phosphate, glucosaminyl sulfate, N-acetyl-glucosam- 
.w^, 20^^r \ny\ sulfate, Jactcsylr.gentiobiosyl^. chitobiosyl, N-acetyl-lactosaminyl, celloblcsyl, imaltosyl, melibiosyl and L- 7 
sorbosyl. 

b) A residue of formula VI. b 

R X R' c R'.R'g 

25 U-o-j. r 



Formula VI. b R, f 

R' d R f b 




30 



weherein one of the radicals R' a and R' b is hydrogen and the other is R-, or O-glycosyl, being the glycosyl radical 
derived from a reducing mono-, di- or oligosaccharide, one of the radicals R' c and R' d is hydrogen and the other is 
or O-glycosyl, being the glycosyl radical derived from a reducing mono-, di- or oligosaccharide, one of the rad- 
icals R^ and R' f is hydrogen and the other is CH 2 or CHOH-Ch^ORi or O-glycosyl, being the glycosyl radical 
derived from a reducing mono-, di- or oligosaccharide, the radical R' g is hydrogen or CH 2 OH and the radical as 
described above, e.g., wherein radicals R' a to R' g are selected in such a manner that the residues of formula Vl.b 
correspond to a radical which is accesible by a glycosidic bond reaction formation from a natural or synthetically 
produced mono-, di- or oligosaccharide derivative. 

The following residues may be mentioned of sugar residues of formula Vl.b, D-ribosyl, D-arabinosyl, D- xylosyl, D- 
lyxosyl. 2-deoxy-D-ribosyl, altosyl, idosyl, allosyl, D-fructosyl, D-sicosyl, D-sorbosyl, D-tagatosyl, D-xylulosyl, D-ribulo- 
syl, D-glucofuranosyl, D-galadofuranosyl, octylribofuranosyl, cyclohexylxylofuranosyl, benzylarabinofuranosyl and D- 
f ructosyl fosfate. 

45 In formula II the structure referred as ^ is preferably a residue of the formula VII. 



35 



50 



Formula VII 




55 wherein one of the radicals R" a and R M b is hydrogen and the other is hydrogen, hydroxyl, amino or acetylamino group, 
one of the radicals R" c and R M d is hydrogen and the other is hydrogen or O-glycosyl, being the glycosyl radical derived 
from a reducing mono-, di- or oligossaccharide, one of the radicals R" e and R" f is hydrogen and the other is hydrogen 
or O-glycosyl, being the glycosyl radical derived from a reducing mono-, di- or oligossaccharide and the radical R 2 as 
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defined above. Wherein, radicals R" a to R" f are selected in such a way that the residues of formula VII correspond to a 
radical which may be prepared by a glycosidic bond synthesis from a natural or synthetically accesible mono-, di or oli- 
gosaccharide derivative. 

Residues of formula VII may be attained, for example, by glycosidic coupling from sugar derivatives of the uronic 
5 acid series such as glucuronic acid, galacturonic acid, glucuronamide, glucosaminuronic acid, octylgaiacturonamide, 
cyclohexylgalacturonate, decylglucoronate and benzylglucoronamide. Furthermore, other complex sugar acids such as 
muramic acid, neuraminic acid, acetyl muramic, acetyl neuraminic and sialic acid are also included as examples of com- 
pounds meant by sugar acid derivatives others than of formula VII which are also claimed as residues forming the com- 
pounds of the invention. 

10 In formula III the radical indicated as A 3 have the definitions already given for A 1 and A 2 by formulae Vl.a, Vl.b and 

VII. 

For compounds of formula IV the preferred ones are those whose radical A4 is defined by formulae Vl.a, Vl.b and 
VII, especially when a monosaccharide derivative is considered. 

Preferred compounds of formula V are the ones presenting an A5 residue as described by formulae Vl.a, Vl.b and 
is VII, in particular, X denotes radicals such as NHCO and NHCS. 

In order to prepare the desired glycoconjugates, all those described sugar residues have to be covalently coupled 
to an appropiate R radical of a biologically active opiate. Such opiates include all natural and synthetic opiates, deriva- 
tives and analogues having activity on pain, cough, dyspnea, diarrhea and anesthesia. They action may be both stim- 
ulating and inhibiting. The following may be mentioned as examples of such opiates: morphine, codeine, oxymorphone, 
~ — .20 nalox6heT^nalbuphine?"buprenorphine, pholcodine, meperidine^operarrnde, sufentanil, T "methadbn^prc^ 
metazocine, phenazocine and pentazocine. 

Preferred glucoconjugates are those of formulae I and II. 

Although in the already given structures sugar radicals are either depicted as pyranoses or furanoses, the invention 
includes any of these structures provided that they exist for the relevant sugar. 
25 The present invention includes the processes for the preparation of compounds of the above formulae. They may 
be produced by methods which are well known for this type of substances. A general example of preparation of the 
compounds of the invention may be as follows: 

a) At least one protecting group on the molecule of the opiate glyconjugate is cleaved or, 
30 b) A conveniently modified and/or protected sugar residue and a suitably derivatized opiate unit are linked together 
by glycosidic or ether or C-C bond, and stage a) of the process is optionally performed. 

c) At least one optionally protected residue is introduced into a protected or unprotected opiate glycoconjugate and 
stage a) of the process is optionally effected, or 

d) A functional group of a protected or unprotected opiate glycoconjugate is converted into another functional group 
35 or removed and a further residue is introduced, so that an unprotected or protected opiate glycoconjugate is 

obtained, and in the latter case, stage a) is followed. 

These reactions may be conducted by conventional means analogously to the processes described in the following 
general examples. In particular, stages a) and b) may be carried out according to the synthesis of the invention later 
^cass^^s- -describedMWese groups fbr-reacti vs f uncticns-in-both-the '^^^^^^^ 

sugar and the opiate moiety to prevent them from participating in the reaction. 

The compounds of formula I may be prepared by reacting a protected opiate (acyl acceptor) having a free hydroxyl 
group with an activated reducing mono-, di- or oligosaccharide derivative (acyl donor) in the presence of a promoter 
(conjugation reaction) and subsequently removing the protecting group(s). 
45 When a modification on the sugar molecule is to be introduced a separate reaction step is required. This additional 
step can be effected before or after the conjugation reaction and may involve ether bond formation or phosphate of sul- 
fate group bonding. 

The conjugation reaction may take place in a conventional way for a glycosidic bond formation. The promoter used 
may be, e.g., a Ag + or Hg ++ compound or a Lewis acid such as BF 3 OEt2. A tertiary organic amine may be added. The 
50 reaction may be preferably carried out in solvents such as dichloromethane and acetonitrile at temperatures on the 
range of subzero to room temperature. 

The compounds of formula II may be prepared by reaction between a protected opiate having a free hydroxyl group 
and a uronic acid derivative. The conjugation read'?n and addition©! steps *br sugar moiety moditicpti.cn may be p<v- „ ._=.. 

formed as for the case of compounds of formula I. In this case, sugar moiety modification may involve other reaction 
55 procedures such as ester or amide bond formation that may be carried out by conventional well stablished procedures 
such as acid halides, carbodiimides, phosphonium or uronium salts, active esters and symmetrical anhydrides. 

The compounds of formula III can be produced by reacting a protected opiate having a free hydroxyl group with a 
free hydroxyl group of a reducing or not-reducing mono-, di-, or oligosaccharide by forming an ether bond and then 
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removing the protecting group(s). This procedure may be a conventional ether bond reaction which may be effected in 
a known way. Thus, the opiate is reacted with triflate anhydride in the presence of a tertiary base at low temperature 
and subsequently the sugar derivative is slowly added. After work-up the protecting groups are removed. 

The compounds of formula IV can be produced by reacting a nucleophilic derivative of an opiate with an elec- 

5 trophilic sugar derivative to yield a C-C bond between the opiate and the anomeric position of the sugar moiety and then 
removing the protecting group(s). Examples of electrophilic species that can be used are: halides, imidates, lactones, 
glycals, thioglycosides and O-glycosides such as p-nitrobenzoates. As nucleophilic derivatives silyl enol ethers, 
alquenes, allylsylanes, allylstannanes and organometallic compounds such as Grignard reagents, organolitics, 
cuprates and aluminates can be employed. These procedures involve several step reactions that can be conducted in 

10 known ways. 

Compounds of formula V may be produced for example by coupling the protected corresponding glycosyl isocy- 
anates or glycosylthioisocianates to a R-OH protected opiate and subsequently removing the protecting groups. This 
reaction may be carried out by conventional means for the synthesis of urethane or thiourethane derivatives. 

The preparation of the raw materials for these reactions is not described here, however, it is a known procedure or 
15 may be achieved by conventional means, e.g., using known methods described in the literature for analogous com- 
pounds or described here by the syntheses of the invention. 

One preferred class of compounds of the invention comprises the sugar derivatives of opiates structurally related 
to morphine. The term opiates structurally related to morphine includes opiates of morphinan structure their analogues 
or derivatives. Especially preferred are the sugar derivatives of compounds of formula VIII. 



25 



30 



Formula VIII 




wherein, is hydroxy!, methoxy, ethoxy, acetoxy or 

x -OCH 2 CH 2 N^)o 

group; M 2 is hydrogen, hydroxy!, oxy, acetoxy, methoxy and methene group; M 3 is methyl, methylen cyclopropyl, meth- 
ylen cyclobutyl and allyl group; M 4 hydrogen or hydroxyl; the bond between carbon atoms in positions 6-7 and 7-8 can 
te&zsg&s? ^a&s^^c. *be eithetfsingle opdoubt9-^e^te thS*moh*- 
ecule. Compounds of formula VIII can either exist in the form of levo or dextrorotatory isomers as well as salts and com- 



Among the opiate derivatives of formula VIII, the following definitions or combinations are preferred. 

If M 1 and M 2 are hydroxyl, M 3 methyl, M 4 hydrogen and a double bond between positions 7-8 and ether function 
45 between 4-5 exist, morphine is then defined. 

If M<j is hydroxyl, M 2 is oxy, M 3 allyl, M 4 hydroxyl and a single bond between positions 7-8 and ether function 
between 4-5 exist, naloxone is then defined. 

Accordingly definitions for codeine, heroin, hydromorphone, hydrocodone, oxymorphone, oxycodone, levorphanol, 
dextromethorphan, nalorphine, naltrexone, levallorphan, thebacone, ethyl morphine, dihydrocodeine, nalmefene, nal- 
so buphine, butorphanol and pholcodine can be deduced. Other analogues such as metopon and buprenorphine that can 
not be deduced by the general formula VIII are also preferred morphinan compounds. 

Especially preferred sugar derivatives of morphinan structure are those which have a sugar residue on either posi- 
tions C-3 and Q£j?f th» moiphinan backbone e.g., vcmpo!jnds=aUor.r™j!a: 

55 
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50 



Especially preferred compounds are those of formulae VIII a,b and VIII c,d for morphine, codeine and naloxone. 

A further preferred class of comnoMQd^Qf the jnvention,compri$es the sugar.derivativas of opiates of the mener:d= 
ine (pethidine) series. The term opiates of meperidine series refers to the phenylpiperidine type of opiates and deriva- 
55 tives and analogues. Derivatives and analogues of opiates of the meperidine series include piperidine type of structures 
wherein radicals have been modified to introduce suitable functions such as hydroxy! groups that may allow further cou- 
pling reactions with sugar units. 

Especially preferred are the sugar derivatives of opiates of the meperidine series of the following formula IX. 
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Formula IX 



wherein E 1 is methyl, phenylethyl, p-phenylethylamine, 
10 -(CH 2 ) 3 -NH-C 6 H 5 , 

-(CH 2 ) 2 -C(C 6 H5) 2 -CN, -(CHaJa-CHCeHsJg-CO-NCCHaJz, 



Es 




O 

A 



N— Ei 



-(CH 2 ) 2 -N VcKjOH 



and 



25 



"(CH 2 ) 2 -^J> 



E 2 is hydrogen, phenyl, m-hydroxyphenyl, p-chlorophenyl, methylenemetoxide 

and piperidinyl; E 3 is hydroxyl, ethylcarbonyl, carboxamide, ethyloxycarbonyl, ethylcarboxyl and -N(C 6 H 5 )-CO-CH 2 - 
CH 3 . 

30 Combinations and definitions preferred for opiates of formula IX are the following. 
If E-j is methyl, E 2 phenyl, and E 3 ethoxycarbonyl, meperidine is then defined. 
If E 1 is -(CH 2 )2-C(C 6 H5)2-CN I E 2 phenyl and E 3 ethoxycarbonyl, diphenoxylate is then defined. 
In accordance definitions for loperamide, fentanyl, sufentanil, alfentanil, cetobemidon, piritramide, anileridine, pimi- 
nodine can be deduced. Other analogues such as alphaprodine, fenpipramide, ethoheptazine, tilidin and nefopam that 
35 can not be deduced by the general formula IX are also preferred opiate compounds of the meperidine series. The gly- 
cosilated opiates of the meperidine series, including derivatives and analogues, are especially those which are glycosi- 
lated on one hydroxy! group already present or introduced for binding purposes on radicals E 2 and E 3 of formula IX, 
e.g., compounds of following formulae. 



45 



50 



55 
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Ri u 

Formula IXa O— Mepe 



Formula IXb 

10 



, 5 Formula IXc 



O 

li 

C-R 2 



A 2 

A 3 — O — Mepe 



Formula IXd 



rH 



M Mepe - 



25 



Formula IXe J* 



40* 



45 



30 Mepe denotes the residue of meperidine or of a derivative or analogue of meperidine which is bonded to the sugar res- 
idue via an hydroxy! group alredy existing such as in the case of loperamide and cetobemidon or introduced for coupling 
purposes into one of the radicals E 2 and/or E 3 of formula IX. 

Especially preferred compounds are those of formula IXa and IXb for meperidine, loperamide and cetobemidon. 
Other series of compounds of the invention comprises the sugar derivatives of opiates of the methadone type. The 
35 term opiates of the methadone type refers to opiate substances with structure closseiy related to methadone as well as 
derivatives and analogues. Derivatives and analogues of methadone include structures wherein radicals have been 
modified with functions such as hydroxyl groups to allow conjugation with sugar compounds. 

Especially preferred are the sugar derivatives of opiates of the methadone type of the following formula X. 



CeH \ y° 2 ~\ 

Formula X CH 3 



wherein D 1 is phenyl or benzyl; D 2 is -CH 2 -CH(CH 3 )-, -CH(CH 3 )-CH 2 -and -(CH^-; D 3 is ethylcarbonyl, ethylcarboxyl 
and -CH(OCOCH 3 )-CH 2 -CH 3 . 
so Definitions and combinations preferred for opiates of formula X are the following. 
If Dt is phenyl, D 2 -CH 2 -CH(CH 3 )- and D 3 ethylcarbonyl, methadone is defined. 
If D-) is benzyl, D 2 -CH(CH 3 )-CH 2 - and D 3 ethylcarboxyl, propoxyphene is defined. 
r V , Analogously, definitions for normethadone and msthartyLacetats cen be deduced. Other Hnalcrjues such^as dex- ^ 
tromoramide that can not be deduced from the general formula X are also preferred opiates of the methadone type of 
55 compounds. 

The sugar conjugates of opiates of the methadone type, including derivatives and analogues, are especially those 
which are glycosilated on one hydroxyl group introduced for coupling purposes on radicals D 1 and D 3 of formula X, e.g., 
compounds of following formulae. 
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Formula Xa 



Meta 



TO 



Formula Xb 



O 

I! 

c-r 2 



Ap-V^O— Meta 



75 



A3-0-Meta 



Formula Xc 



25 



Formula Xd 



Mela 



30 



Formula Xe 



/"iPy^X — 0 — Meta 



35 



40 



45 



Meta refers to the residue of methadone or to a derivative or analogue of methadone which is coupled to a sugar resi- 
due via an hydroxyl group introduced for coupling purposes into one of the radicals D 1 and/or D 3 of formula X. 
Especially preferred compounds are those of formula Xa and Xb for methadone. 

A final series of preferred compounds of the invention comprises the sugar derivatives of opiates of the benzomor- 
phane group. The term opiates of the benzomorphane group refers to opiate substances with structures that respond 
to benzomorphane motif as well as derivatives and analogues. 

s- ^Eq38ci2!!y preferr^ 



Formula XI 




CH 3 



50 



55 



wherein T is methyl, phenylethyl, methylcyclopropyl and -CH 2 -CH=C(CH 3 )2 

Definitions preferred for opiates of formula XI that can be deduced from such a formula are the following. 

If T is methyl, phenylethyl jrmtbylcyclopropyl and -CH 2 -CH^C(CH 3 V>, methazooin9 I: phenazon!n« J rMvocine arid- 
pentazocine are respectively defined. 

Other analogues such as dezocine and meptazinol that can not be deduced from the general formula XI are also 
preferred opiates of the benzomorphane group of compounds. 

The sugar conjugates of opiates of the benzomorphane group, including derivatives and analogues, are especially 
those which are glycosilated on the phenol function of formula XI, e.g., compounds of the following formulae: 
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Hi 



Formula XIa 





55 



Especially preferred compounds are those of formula XIa and Xlb for methazocine, pentazocine and cyclazocine. 
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EXAMPLES 

in the example section of this patent, temperatures are given in degrees Celsius. Abbreviations used are as follows: 

5 HOBt = N-hydroxybenzotriazole. 
AcOH = acetic acid. 
DMF = dimethylformamide. 

TBTU = 2-(1H-benzotriazole-1 -yl)-1 ,1,3,3-tetrameihyluronium tetrafluoroborate. ' 
HBTU = 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate. 
10 MeOH = methanol. 

DIG = dicyclohexylcarbodiimide. 

Triflate = trifluoromethane sulfonate. 

ESI-MS = electrospray ionization mass spectrometry. 

BOP = Benzotriazole-1 -yl-oxy-tris-(dimethylamino)-phosponium hexafluorophosphate. 
is TEMPO = 2,2,6,6 TetramethyM -piperidinyloxy, free radical. 

1 H NMR = Proton nuclear magnetic resonance spectroscopy. 
13 C NMR = Carbon nuclear magnetic resonance spectroscopy. 
M3G ■ Morphine 3-glucuronide. 
M6G = Morphine 6-glucuronide. 

"Example 1. 

3-Morphinyl n-octyl-(p-D-glucopyranosyl)-uronamide acetate. 

25 To a solution of 0.50 g of 3-morphinyl-p-D-glucopyranosyl uronic acid acetate, 0. 1 4 g of n-octylamine and 0.1 5 g of 
HOBt in 20 ml of DMF, a second solution of 0.35 g of TBTU in 10 ml of DMF are added. The reaction is kept overnight 
under stirring at room temperature. After solvent evaporation, the crude product is purified by column chromatography 
on silica gel using as solvent a mixture of ethyl acetate/water/methanol (9/4/5). The title compound is isolated as a white 
lyophilizate from an aqueous acetic acid solution. 

30 

ESI-MS: 595.5 [M+Na] + , 1 H and 13 C NMR data in accordance with the expected structure, [&] 22 D = -124.5 (c-1, 
MeOH). 

The starting products may be produced as follows. 

35 

a) 3-Mqrphinyl (p-D-glucopyranpsyl)-grQnic apid acetate- 

To a solution of 4.00 g of morphine free base and 0.50 g of lithium hydroxide monohydrate in 20 ml of methanol are 
added 5.50 g of methyl-(tri-0-acetyl-&-D-glucopyranosyl bromide)-uronate. The mixture is stirred at room temperature 
for-30jTijn. A^Jutiqn^JU40.g of lithiuoiJiydcoxide.monohydrate in ? 2C ml:of*water is^.en wadded:- AfteH0rihsr30 min?^ 3 ^^ 3 ^^ 
the reaction is brought to pH:8 with acetic acid and the unreacted morphine is filtered off. The filtrate is evaporated and 
the crude residue is precipitated with a mixture of methanol/acetone. The solid fraction is further purified on a silica gel 
column chromatography using a solvent mixture of ethyl acetate/water/methanol (2/3/1). After lyophilization from an 
aqueous acetic acid solution the title compound is isolated as a white powder. 

45 

ESI-MS: 484.2 [M+Na) + and 462.3 [M+H]\ [&] 22 D = -110.5 (c=0.55, H 2 0), 1 H and 13 C NMR data in accordance 
with the expected structure, b) Methyl-(tri-Q-acetvl-&-D-alucoDvranosvl bromidel-uronate. 

A solution of 10.00 g of methyl-(tetra-0-acetyl-p-D-glucopyranosyl)-uronate in 40 ml of 30% hydrobromic acid in 
so acetic acid is prepared and kept overnight at 0 2 C. The solvent is evaporated and the residue dissolved in HCCI 3 . The 
solution is extracted with cold aqueous bicarbonate and water. After drying, the solvent is evaporated and the residue 
crystallized from ethanol. The title compound is obtained as a white crystalline solid. [&] 22 d - 195.9 (c=1, HCCI 3 ) 



55 



c) M^hyl (tgtra^-apetYl-^'D-qlWPYranQ^yQ-grQnate. 

To a solution of 30 mg of sodium hydroxide in 100 ml of MeOH 10.00 g of D-glucurono-6,3-lactone are added. The 
mixture is stirred at room temperature for 1 hr and the solvent evaporated. After cooling to 0 fi C the residue is dissolved 
in a mixture of 25 ml of pyridine and 40 ml of acetic anhydride and left overnight under stirring. Solvent evaporation and 



15 



EP 0 816 375 A1 



crystallization from chloroform/petroleum ether yields the title compound as a white crystalline solid. MP. 178-180 fi C, 
[&] 22 D = 7.5(c=1,HCCI 3 ) 

Example 2. 

5 

3-Morohinvl n-octvl (B-D-oalactbpyranosvl) uronamide acetate. 

The corresponding galacturonic acid analogue is prepared by a similar procedure as described in example 1 . 

w Example 3- 

6-Morphinvl n-octvl (B-P-alucopvranosvl) -uronamide acetate. 

To a solution of 1.72 g of 6-(3-0-acetyl)-morphinyl n-octyl-(p-D-tri-0-acetyl-glucopyranosyl)-uronamide in 25 ml of 
15 absolute MeOH, 1 0 ml of 1 % sodium methoxide in methanol are added. After overnight at room temperature, the reac- 
tion is neutralized with acetic acid and the solvent removed. The crude residue is purified by chromatography on a silica 
gel column eluted with an ethyl acetate/water/methanol (9/4/5) mixture. Lyophilization from an aqueous acetic acid solu- 
tion yields the title compound as a white solid. 

20 .... ESMviS: 595.5 [M+Na]+ and 1 H and -^C NMR data in good agreement with the proposed structure. 



The starting products may be produced as follows, 
a) 6-(3-Q-Acetyn-morphinvl n-octv1-(B-D-tri-0-acetvl-alucoovranosvlVuronamide. 

25 

In a moisture free system, a solution of 2.20 g of n-octyl-(tetra-0-acetyl-p-D-glucopyranosyl)-uronamide and 1 .50 
g of 3-O-acetyl-morphine in 50 ml of dry dichloromethane and 3A molecular sieves is prepared. To this solution 3.3 ml 
of boron trif luoride ethyl eterate complex are dropwise added. The reaction mixture is succesively filtered, quenched 
over ice and extracted with chloroform. After drying over anhydrous sodium sulfate, the solvent is evaporated under 
30 reduced pressure and the residue is further purified. Column chromatography on silica gel eluted with ethyl ace- 
tate/petroleum ether (9/1) mixture yields a white solid identified as the title compound. 

ESI-MS: 763.8 [M+Na] + and 741.6 [M+H] + , 1 H and 13 C NMR data in good agreement with the proposed structure. 



35 b) n-Qctyl-(tetra-Q-acetyl-B-D-glucopyran osyl)-uronamide. 

A solution of 4.00 g of tetra-O-acetyl-D-glucopyranosyl-uronic acid, 1.40 g of n-octyl amine and 1.50 g of HOBt in 
30 ml of dichloromethane is prepared. A second solution of 1 .40 g of DIC in 1 0 ml of dichloromethane is added and the 
mixture left overnight under stirring at room temperature. The urea is filtered and discarded and the filtrate evaporated 

vjwi&rt &»&,^40^. under reducedipressure.^The-waxy ^residue is^r^ia!!izcd*tom-etft>1-ac oom-^- 
pound. 

M.R 133-134 fi C, ESI-MS: 496.6 [M+Na] + . 1 H data in accordance with the proposed structure. 



45 c) Tetra-O-acetyl-D-alucopvranosvl-uronic acid. 

A solution of 47.00 g of D-glucurono-6,3-lactone and 25.00 g of sodium hydrogen carbonate in 175 ml of water is 
stirred overnight at room temperature. The solvent is evaporated under reduced pressure and the residue triturated with 
ethanol. After drying, 63.00 g of this yellow solid residue are dissolved in a stirred solution of 65.00 g of p-toluensul- 
so phonic acid monohydrate in 230 ml of acetic anhydride. The reaction temperature is mantained at 0*C for 1 hr. After this 
time the mixture is diluted with 2 volumes of ethyl ether and whased with a solution of 7.00 g of sodium acetate in 200 
ml of water. The organic layer is dried over anhydrous sodium sulfate, filtered and the solvent removed. The yellow res- 
Jduejs further crystallized from acetone/wster yielding the title compound : . 

55 M.R 1 1 0-1 12 a C, ESI-MS: 385.0 [M+Na]+, 1 H data in accordance with the structure of title compound. 
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d) 3-0-Acetvl-morphine. 

To a 800 ml solution of 10% sodium hydrogencarbonate, 8.00 g of morphine free base are added. Addition of 40 
ml acetic anhydride was achieved by vigoruos stirring and occasional ethyl ether dropping to prevent foaming. After 20 
min at room temperature, ice is added and the mixture extracted with chloroform. The organic layers are dried over 
anhydrous sodium sulfate and filtered. Removal of the solvent in vacuo yields the title compound as a slightly yellow 
foaming solid. 

The example compound may be achieved throughout a second reaction pathway by means of the following inter- 
mediates. 

a.l) 6>(3-Q-Acetyl)-morphin yl n-octvl-(p-D-tri-Q-acetvlalucopvranosvl)-uronamide. 



Under argon atmosphere, to a -4Q*C cooled solution of 1 .10 g of 3-O-acetyl-morphine and 0.85 g of silver trif late in 
20 ml of dry dichloromethane in the presence of 3A molecular sieves, a second solution of 1.60 g of n-octyl-(tri-0- 
15 acetyl-&-D-glucopyranosyl bromide)-uronamide in 10 ml of dry dichloromethane are added dropwise. The reaction is 
kept at -40 Q C under stirring for 3 hr and 0.5 ml triethylamine are then added. Once the reaction reaches room temper- 
ature, the silver salts are filtrated off and the filtrate is evaporated in vacuo. The residue is purified on silica gel eluting 
with a chloroform/MeOH mixture (9.5/0.5) to yield the title compound. 

jse. ESI-MS~763;4 [M+Na]*-and 741 ,7 [M+H] + v 1 H and 13 G^MR^;ate-!n good agreement 1 with" theTSropCGGd structures ? ^ 

b.1) n-Octyl-(tri-Q-acetyl-&-D-alucopyranosv lbromide)-uronamide. 

A solution of 2.30 g of n-octyl-(tetra-0-acetyl-p-D-glucopyranosyl)-uronamide in 10 ml of 30% hydrobromic acid in 
25 acetic acid is prepared and kept overnight at 0 fi C. The solvent is evaporated and the residue dissolved in HCCI 3 . The 
solution is extracted with cold aqueous bicarbonate and water. After drying, the solvent is evaporated and the residue 
purified by a silica gel column eluted with ehtyl acetate/petroleum ether (5/5). The amorphous solid thus prepared cor- 
responds to the structure of the title compound by 1 H NMR spectroscopy. 

A third reaction pathway leading to the example compound may be carried out throughout the following intermedi- 
30 ates. 

a. 2) 6-(3-0-AcetvlVmorphinvl n-octvl-(B-D-tri-Q-acetvl QlucoovranosvlVuronamide. 

To a solution of 0.15 g of 6-(3-0-acetyl)-morphinyl (tri-O-acetyl-p-D-glucopyranosyl)-uronic acid and 0.03 g of n- 
35 octyl amine in 10 ml of DMF, a solution of 0.10 g of BOP in 5 ml of DMF are added. The reaction is stirred at room tem- 
perature for 1 hr. After this time, the mixture is diluted with HCCI 3 and extracted with water. The organic layer is dried 
over anhydrous sodium sulfate, filtered and the solvent removed. The residue is further purified on a silica gel column 
with a solvent mixture of ethyl acetate/petroleum ether (9/1 ) yielding the title compound as a white solid. 

b. 2) 6-(3-0-AcetvlVmorphinvlftri-0-acetvl-p-D-alucopvranosvn-uronicacid. 

Under argon atmosphere, to a solution of 0.20 g of 3-O-acetyl morphine, 0.22 g of tetra-O-acetyl-D-glucopyranosyl 
45 uronic acid in 5 ml of CI 2 CH 2 in the presence of 3A molecular sieves, 250 |xl of BF 3 .Et 2 0 complex are added. The reac- 
tion temperature is kept at 0 fl C during the addition and is later left to rise to room temperature. After 24 hr the reaction 
is quenched on ice and extracted with HCCI 3 . The organic layer is dried on anhydrous sodium sulfate, filtered and the 
solvent removed in vacuo. Chromatography on silica gel using a mixture of chloroform/methanol/acetic acid (4/6/1) as 
a eluent, yields the pure title compound as a white solid. 



50 



ESI-MS: 652.5 [M+Na] + and 630.6 [M+H] + , 1 H and 13 C NMR data in accordance with the proposed structure. 



An alternative procedure may be as follow?. 

To a solution of 0.68 g of 3-O-acetyl-morphine and 0.53 g of silver trif late in 10 ml of dry dichloromethane in the 
55 presence of 3A molecular sieves and under argon atmosphere, a solution of tri-0-acetyl-&-D-glucopyranosyl bromide 
uronic acid is slowly added. The reation is kept at -40*0 under stirring for 4 hr and 0.3 ml of triethylamine are added. 
After bringing the reaction at room temperature and filtering the silver bromide, the filtrate is evaporated. The resulting 
residue is purified by column chromatography as described above, yelding the title compound. 
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ESI-MS: 652.7 [M+Na] + and 630.4 [M+H] + , 1 H and 13 C NMR data in accordance with the proposed structure. 
c.2) Tri-Q-acetyl-&-D-qlucopyranosyl bromide uronic acid. 

5 A solution of 2 g fo tetra-O-acetyl-D-glucopyranosyl uronic acid in 10 ml of 30% hydrobromic acid in acetic acid is 
prepared and kept overnight at 0 fi C. The solvent is evaporated and the residue crystallized in diethyl ether/hexane. The 
white solid is identified as the title compound. 

1 H and 13 C NMR data in accordance with the proposed structure. 

A fourth reaction pathway may also be followed in the preparation of the title compound. This route is indicated by 
10 the intermidiates described below. 

a. 3) 6-Morphinyl n-octyl-(frP-qlucopyranosvl)-uronamide acetate. 

To a solution of 0.50 g of 6-morphinyl-p-D-glucopyranosyl uronic acid acetate, 0. 1 4 g of n-octylamine and 0. 1 5 g of 
is HOBt in 20 ml of DMF, a second solution of 0.35 g of TBTU in 10 ml of DMF are added. The reaction is kept overnight 
under stirring at room temperature. After solvent evaporation, the crude product is purified by column chromatography 
on silica gel using as solvent a mixture of ethyl acetate/water/methanol (9/4/5). The title compound is isolated as a white 
lyophilizate from an aqueous acetic acid solution. 

- — ESI-MS: 595.6 [M+Na] + r 1 H and4§£;NM£ datain^accorciahcewiW 

b. 3) 6-Morphinyl B-P-qlucppyranosyl uronic acid acetate, 

A suspension of 1 g of 6-(3-acetyl)-morphinyl methyl-(trt-0-acetyl-p-D-glucopyranosyl)-uronate in 20 ml of absolute 
25 methanol, 8 ml of 1 % sodium methoxide in methanol are added. After overnight at room temperature the mixture is con- 
centrated to dryness and the residue dissolved in 10 ml of 0.40N barium hydroxide and kept for 1 hr at room tempera- 
ture. After this time the pH is adjusted to 8.0 with 2N oxalic acid and the barium salts filtered off. The filtrate is 
evaporated to dryness and the residue purified by a silica gel column eluted with a solvent mixture of ethyl ace- 
tate/water/methanol (2/3/1). After lyophiiization from an aqueous acetic acid solution the title compound is isolated as 
30 a white solid. 

ESI-MS: 484.3 [M+Na] + and 462.2 [M+H] + , [&] 22 D = -263.0 (c=0.50, H 2 0), 1 H and 13 C NMR data in accordance 
with the expected structure. 

35 c.3) 6-(3-Acetyl)-morphinyl methyl-(tri-Q-acetyl-p-D-glucopyranosyl)-uronate . 

In a moisture protected system, a suspension of 0.80 g of 3-O-acetyl-morphine in 80 ml of dry bencene and 2 g of 
dry AgC0 3 is prepared. To this mixture 1 .5 g of methyl-(tri-0-acetyl-&-D-glucopyranosy!bromide)-uronate are added in 
several portions during a 9 hr period while keeping the suspension stirred and heated to reflux. Over this time, bencene 
■Ggssm&s- *em®*&i3. gr&duaily^istiiled--off^^ ice-co^Ha^ ^a****™** 

adjusted to pH: 8.0 with sodium hydrogen carbonate and extracted with HCCI 3 . Chloroform extracts are dried and evap- 
orated to dryness yielding a residue which is purified by silica gel column eluted with a HCCIs/MeOM mixture. The 
resulting white solid is identified as corresponding to the title compound. 

45 ESI-MS: 666.6 [M+Na] + and 644.5 [M+H] + and 1 H and 13 C NMR data in good agreement with the proposed struc- 
ture. 

Example 4. 

so 6-Morphinyl n-octvl-(p-D-aalactopyranosyl)-uronamide acetate. 

This analogue is synthesized from the corresponding galacturonic acid intermediate by similar procedures as 
doscribad in example 3. -«=%■ t - 
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Example 5. 

3-Morphinvl (B-D-alucopvranosyl) uronamide acetate. 

5 To a 1 .50 g of morphine hydrochloride and 0.32 g of lithium hydroxide monohydrate are added in 10 ml of methanol. 
2. 10 g of tri-0-acetyl-&-D-glucopyranosylbromide uronamide are added. The mixture is stirred at room temperature for 
30 min followed by addition of a solution of 0.27 g of lithium hydroxide monohydrate in 10 ml of water. After further 30 
min, the pH of the reaction is taken to 8.0 with acetic acid and the unreacted morphine is filtered off. The filtrate is evap- 
orated and the crude residue is purified on a silica gel column using a solvent mixture of ethyl acetate/water/methanol 

w (2:3:1). After lyophylization of the pure fractions from an aqueous acetic acid solution, the compound is isolated as a 
white solid powder. 

ESI-MS: 483.4 [M+Na] + and 461 .4 [M+H] + and 1 H and 13 C NMR data in good agreement with the compound struc- 
ture. 

75 

The starting products may be produced as follows: 

a) Tri-Q-acetyl-&-D-alucopyranosvl bromide uronamide. 

—l. - . - - " 20 Asolution.of 3.00g of-tetra^^ 

is prepared and kept for 2 days at room temperature until a clear solution is observed. The solvent is evaporated and 
the residue dissolved in HCCI 3 . The solution is extracted with 5% cold aqueous bicarbonate. After drying, the solvent is 
evaporated and the residue crystallyzed from ethyl acetate/methanol yielding the title compound as a white solid. 

25 M.R 165-1 S8*C (desc), [&] 22 D = 219.4 (c=1 , HCCI 3 ). 1 H NMR in accordance with the structural formula. 

b) Tetra-O-acetyl-p-D-qlucopyranosyl uronamide. 

A mixture of 20 ml of acetic anydride and 15 ml of pyridine is prepared. After cooling to 0*0, 5.00 g of glucurona- 
30 mide are added under stirring. The suspension is kept at room temperature under stirring for 48 hr until a clear solution 
is reached. The solvent is evaporated and the residue crystallized from ethyl acetate/methanol yielding a white solid. 

M.R ISS-ISTC. [&] 22 D = 1 12.5 (c*!. HCCI 3 ). 

35 Exgmp le 6. 

3-Morphinyl (g-D-qalactopyranosyl) uronamide acetate. 

The corresponding galactopyranosyl analogue is produced in a similar manner as described in example 5 using the 

-< wara-- galatfasonie^d^idenrrttt^ * W-Mai * ft8,!1 * sr 

Example* 

3-Morphinvl (B-D-Qalactopvranosvn uronic acid acetate. 

45 

The galacturonic acid analogue of the naturally ocurring M3G, is prepared in a similar reaction pathway as 
described for compound of example 5 starting from a suitable galacturonic acid intermediate. 

Exgmple. 8 

50 

3-Morphinyl p-D-qlucopyranoside acetate. 

^ A suspension of 2.CC c of morphine hydrochloride in io,m! of r^thano! is prepared and G.5G q of lithium hycracidc 

monohydrate added. After clear solution a new white precicipate appears and 2.55 g of 2,3.4,6 tetra-0-acetyl-&-D-glu- 
55 copyranosyl bromide are added. The suspension is kept at room temperature under stirring. After 30 min, a solution of 
0.60 g of lithium hydroxide monohydrate in 10 ml of water is added. The reaction is allowed to proceed for further 30 
min and then is taken to pH:8 with acetic acid. The precipitate of unreacted morphine is filtered off and the filtrate evap- 
orated. The crude product is purified on silica gel column chromatography using a solvent mixture of ethyl ace- 
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tate/water/methanol (2:3:1). Pooled pure fraction are evaporated, redissolved in water, filtered and lyophilized from an 
aqueous acetic acid solution yielding the title compound as a white powder. 

ESI-MS: 448.4 [M+H] + and 470.5 [M+Na] + and 1 H and 13 C NMR data in accordance to the proposed structure 

5 

Exgmplp. 9 

3-Morphinyl fr D- galactopyranoside acetate. 

10 The corresponding galactose derivative is produced in a similar manner following the procedure described in exam- 
ple 8 and using commercial 2,3,4,6 tetra-0-acetyl-&-D-galactopyranosyl bromide. 

Example 10. 

is e-Morphinyl-e'-O-D-aalactopvranosvt ether acetate. 

A solution of 0.25 g of 6-(3-acetyl)-morphinyl-6'-0-(1 :2,3:4 di-0-isopropylidene)-D-galactop!yranosyl ether in 10 ml 
of methanol is treated with sodium methoxide (0.2 M) for 20 h at room temperature. A neutralization with acetic acid 
follows. Solvent evaporation yields a residue which is redissolved in 15 ml of a methanoimater mixture. Amberlite IR- 
20 - -1 20:(Ht) -is added^ane-thc reactiGn-is lefMo-proce^fo^go miri^at~room"temperature. After ftrtration^ ih^soWnts-Su 6 ~ r " v 
evaporated off and the residue redissolved in aqueous acetic acid and lyophilized. The white solid is characterized as 
corresponding to the title compound. 

ESI-MS: 448.3 [M+H] + and 470.4 [M+Na] + and 1 H and 13 C NMR data in accordance to the structural features of 
25 the expected compound. 

The intermediate products can be produced as follows: 

a) 6-(3-Acetvn-morphinvl-6M>M:2.3:4 di-0-isopropvlidene)-D-aalactoplvranosvl ether. 

30 

To a stirred solution of 103 ul of triflic anhydride in 10 ml of dry methylene chloride, a second solution of 0.20 g of 
3-acetyl morphine and 50 uJ of pyridine in 2 ml of methlene chloride is added dropwise. During the addition, the reaction 
temperature is kept at 0*C in ah ice bath and later left to reach room temperature. After 30 min 0.50 g of calcium car- 
bonate and a third solution of 0. 1 6 g of 1 :2,3:4 di-O-isopropylidene-D-galactopyranose in 3 ml of methylene chloride are 
35 added in turn. The reaction mixture is kept overnight under stirring. After filtration and solvent evaporation the residue 
is suspended in ethyl acetate and washed with water. The organic layer is dryed over anhydrous sodium sulfate, filtered 
and evaporated. The crude oily residue is purified by column chromatography on silica gel using a chloroform/methanol 
solvent system (9:1). A pure white amorphous solid is isolated. 

4G***e$r ESI-MS:^570.6 [M+H]karK*592S [M+NaJ^ahd^H^nd* ^G^Btf^tfto 

Example. 11 

6-Morohinvl-3'-0-glucofuranosyl ether acetate. 

45 

The corresponding glucose derivative is made in a similar way as described in example 10 by using the commer- 
cially available 1 :2,5:6-di-0-isopropilydene &-D-glucofuranose intermediate. 

Example. 12 

50 

6-Morphinyl-3'-0-allofuranosYl ether acetate. 

This analoguejs prepared in similar mannecas described in example 10 frsnr. the ccrrtrarcl ~! scaton* derivative - ■=^*b- - 

of allose: 1 :2,5:6-di-0-isopropilydene &-D-allofuranose. 

55 
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Example. 13 

6-Morphinyl-6'-0-qlucopyranosyl ether acetate. 

5 This derivative is prepared by an analogous procedure as described in example 10 using the commercially availa- 
ble 1 :2,3:4 tetra-O-acetyl-p-D-glucopyranose by avoiding the Amberlite IR-120 treatment. 

Example. 14 

10 e-Moiphinvl^'-O-mannopvranosyl ether acetate. 

The mannosyl analogue is also prepared following the synthetic route described above (Example 10) from 1 :3,4:6 
tetra-O-acetyl-p-D-mannopyranose avoiding the step of acetonide hydrolysis by Amberlite IR-120. 

15 Example 15. 

6-Morphinyl-fi-D-qlucopyranoside acetate. 

To a solution of 0.40 g of 6-(3-acetyl)-morphinyl-p-D-yiucopyranoside tetraacetate in 12 ml of dry methanol, 0.25 
.sa^mi ct3C%'Sodium methoxicte:in methanol^are added-After 30 minutes at robWteVnperaiUfo undeTstirr ingf th@19SK>n 
is neutralized with acetic acid. The solvent is removed off and the crude residue is purified by column chromatography 
on silica gel using as a solvent ethyl acetate/water/methanol (2:3:1). After pooling the pure fractions and solvent evap- 
oration followed by lyophylization from an aqueous acetic acid solution, the title compound is isolated as a white pure 
solid. 

25 

ESI-MS: 448.3 [M+H] + and 470.2 [M+Na] + and 1 H and 13 C NMR spectral data in good agreement to the proposed 
structure. 

The intermediate products can be prepared as follows: 

30 

a) 6-(3-Q-Acetvl)-morphinyl-B-D-alucoDvranoside tetraacetate. 

Under argon atmosphere a suspension of 0.32 g of 3-O-acetyl morphine and 0.25 g of silver triflate in 10 ml of dry 
dichloromethane in the presence of 3A molecular sieves is prepared and kept under stirring at -20*0. The reaction is 
35 effected by dropwise addition of 0.40 g of tetraacetyl-&-D-glucopyranosyl bromide in 5 ml of dry dichloromethane. The 
reaction is left to proceed for 3 h and 0.15 ml of triethylamine are added and the mixture is allowed to warm up to room 
temperature. The silver salts are filtered off and the filtrate is evaporated under reduced pressure. The residue is finally 
purified on a silica gel bed eluted with a chloroform/methanoi mixture (9:1) yielding the title compound. 

.40z^.- ESI-MSfSSS^IM^fHl^rpd^O^tM+Nar aiy^aftd^eTOiR^^ 
ture. 

Example. 16 

45 6-Morphinvl-B-D-oalactoDvranoside acetate. 

The corresponding galactose derivative is achieved in a similar way as described in example 15 by using the ace- 
tobromo galactose intermediate. 

50 Example 17. 

6-Morphinyl ( p-D-glucopvranosvn uronamide acetate. 

The glucuronic acid amide derivative is prepared following a similar procedure as described for example 15 using 
55 the corresponding acetobromo compounds. 
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Example 18. 

6-Morphinvl tB- D-aalactopyra nosvl) uronamide acetate. 

5 Similar procedure as described in example 15 leds to this analogue provided the corresponding galacturonic acid 
amide is used. 

Example 19. 

10 6-Morphinyl (p-D-galactopyranosvl) uronic acid acetate. 

The corresponding galacturonic acid analogue of the naturally occurring M6G is prepared in a similar manner as in 
the reaction course described for example 1 5 starting from a suitable galacturonic acid intermediate. 

is Example 20. 

3-Naloxonyl-fi-D-qluconyranoside acetate. 

To a solution of 0.50 g of naloxone hydrochloride and 0.10 g of lithium hydroxide in 5 ml of methanol are added 0.56 
20— g»^)^&-D-glucopyranosyl-bromide tetraacetate. AftG^strtTiftgsfer SO^mln^tToWten^raturl^asulutiori of 0.20 g ^itlv* 555 ^^ 
ium hydroxide in 5 ml of water is added. The reaction is allowed to proceed for a further 30 min period and then is taken 
to pH:8 with acetic acid. The unreacted naloxone is filtered off and the filtrate further acidified and evaporated. The res- 
idue is finally crystallized from 95% ethanol affording the title compound. 

25 ESI-MS: 490.4 [M+H] + and 51 2.3 [M+Na] + and 1 H and 13 C NMR spectral data in accordance to the proposed struc- 
ture. 

Exam ple , 21 

30 3-Naloxonvl-B-D-Qalactopyranoside acetate. 

This analogue is prepared by an analogous procedure using &-D-galactopyranosyl bromide tetraacetate as starting 
material. 

35 Example. 23 

3-Naloxonvl-B-D-alucoppvranosvl uronamide acetate. 

The corresponding glucuronic acid amide analogue is synthesized by a similar procedure as described in example 

Example. 23 

3-Naloxonvl-B-D-aalactopvranosvl uronamide acetate. 

45 

The galacturonic acid amide derivative is produced in a similar manner as described in example 20. 
Example. 24 

so 3-Naloxonvl-B-D-Qalactopyranosyl uronic acid acetate. 

This analogue is prepared by a similar procedure than the one provided in example 20 using a suitable galacturonic 
. acid intermediate. - 
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Example 25. 

6-Morohinvl-p-D-Qlucooyranosyl-thiouretane acetate. 

5 A solution of 0.70 g of 6-(3-0-acetyl)-morphinyl 2,3,4,7 tetra-O-acetyl-p-D-glucopyranosyl thiouretane in 10 ml of 
absolute methanol is treated with a catalytic quantity of 1N sodium methoxide in methanol. After aproximately 30 min 
the reaction is completed and the mixture is neutralized with acetic acid. The solvent is evaporated and the crude prod- 
uct purified by silica gel column chromatography using a ethyl acetate/water/meihanol (2:3:1) solvent mixture. Pure 
fractions are pooled evaporated and the residue lyophilized from aqueous acetic acid to yield the title compound as a 

10 white lyophilizate powder. 

ESI-MS: 507.6 [M+H] + and 529.4 [M+Na] + and 1 H and 13 C NMR spectral data in good agreement to the structure 
of title compound. 

15 The intermediate product can be prepared as follows: 

a) 6-(3-0-Acetvl)-morphinyl 2.3.4.6 tetra-O-acetvl-B-D-alucopyranosvl thiouretane. 

To a solution prepared by dissolving 0.42 g of 3-O-acetyl morphine in 30 ml of acetonitrile/water (3:1), 0.5 g of 
20 - 2,3,4,6- tetra-Q-acet/i=0d^ 

about 1 h. The solvent is then evaporated in vacuo and the residue purified on silica gel eluted with a chloroform/meth- 
anol (8:2) mixture yielding the corresponding title compound. 

ESI-MS: 717.5 [M+H] + and 739.4 [M+Na] + and 1 H and 13 C NMR spectral data in good agreement to the proposed 
25 structure. 

Example. 26 

$-Codeinyi-B-D-giucopYranQ$ide acetate- 

30 ' 

To a stirred solution kept at room temperature and under argon atmosphere, of 1.15 g of 6-codeinyl-2,3,4,6-0- 
tetraacetate-p-D-glucopyranoside, in 40 mL of dry MeOH, 0.27 g of sodium methoxide are added in portions keeping 
the pH between 7 and 8. After 1 hour the reaction is completed and the solvent removed under vacuum. The crude res- 
idue is purified on a silica gel column eluted with a solvent mixture of ethyl acetate/water/methanol (3:2:1 ). After this pro- 
35 cedure, lyophilization of the pure fraction from an aqueous acetic acid solution affords the title compound as a white 
solid. 

ESI-MS: 462.4 [M+H] + and 484.3 [M+Na]+ and 1 H and 13 C NMR spectral data in accordance to the structure of title 
compound. 

The starting product can be produced as follows, 
a) 6-Codeinyl-2.3.4.6-0-tetraacetate-B-D-alucopyranoside. " 

45 Under Argon atmosphere a solution of 2.99 g of codeine and 3.12 g of p-D-glucose pentaacetate in 60 ml of dry 
acetonitrile, 6 ml of bororrtrif luoride ethyl etherate complex are added dropwise. The mixture is stirred at 0°C for 30 min 
and then is kept overnight at room temperature. After adding 100 ml of chloroform the solvent is evaporated. The crude 
residue is dissolved with 100 ml of water and extracted with ethyl ether and chloroform. The chloroform layer is washed 
with saturated solution of NaCI and the solvent evaporated to dryness. After redissolving the crude residue the aqueous 

so solution is adjusted to pH=7 and extracted again with chloroform. The organic layer is evaporated to dryness yielding 
the title compound. 

ESI-MS:.G3d6 [M+HT and 652.4 [MvNaf and 1 H^J?£NMR spectral ri&f?. in good sgrcament to the sfticturs! 
features of the title compound. 

55 
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Example. 27 

6-Codeinyl p-D-oalactopyranoside acetate. 

s Following an analogous procedure as described for example 26 the galactoside derivative of codeine is prepared 
from p-D galactose perrtaacetate. 

Example. 28 

w 6-Codeinyl-fp-D-glLiconyranosyl-uronic acid acetate. 

To a stirred solution prepared by dissolving 1g of 6-codeinyl-p-D-glucopyranoside described in example 26, 87 mg 
of sodium bromide and 2,2 mg of TEMPO in 55 ml of water, 3.7 ml_ of 1 0% sodium hypochlorite are added. The reaction 
temperature is kept at 0 Q C and the pH is adjusted at 10.8 by addition of diluted sodium hydroxide solution. After 1 hour, 
is the reaction is quenched by addition of ethanol and then neutralized with diluted HCl. After concentration of the reaction 
mixture to dryness, the residue is purified on a silica gel column eluted with a solvent mixture of ethyl ace- 
tate/water/methanol (2:3:1). In this way, lyophilization from an aqueous acetic acid solution yields the title compound as 
a white lyophilizate powder. 

. *3*^*^<-MS: 4763^ in-good agreements the structurs^— 

of title compound. 

Example. 29 

25 6-Codeinvl (p-D-aalactopvranosvn uronic acid acetate. 

A similar reaction described for example 28 allows to synthesize the galacturonic acid analogue of codeine from 
the compound described in example 27. 



30 Example. 30 

6-Codeinvl n-octvl (B-D-alucopyranosvn uronamide acetate. 

To a solution of 0.30 g of 6-codeinyl (p-D-glucopyranosyl) uronic acid acetate prepared as described in example 28, 
35 80 mg of n-octylamine and 0.10 g of HOBt in 15 ml of DMF, a second solution of 0.24 g of HBTU in 10 ml of DMF are 
added. The reaction is kept overnight under stirring at room temperature. After solvent evaporation, the crude product 
is purified by column chromatography on silica gel using as solvent a mixture of ethyl acetate/water/methanol (9/4/5). 
The title compound is isolated as a white lyophilizate from an aqueous acetic acid solution. 

:.'40£zm&£S\rM$i eog^-tM+Na^and 587.5 [M+H] + , 1 -H arid ^GNMR^dalMnsa^ strucSire.- 

Example. 31 

6-Codeinvl n-octvl (B-D-qalactopyranosvl) uronam ide acetate. 



45 



Starting from the compound described in example 29 and following an analogous description as for example 30, 
the galacturonic acid derivative is prepared. 



Example. 3 2 

50 

4-Loperamidyl- p-D-glucopyranoside acetate. 

To a solution of 0 g of^operamidyl 2,3,4.6 tetr* O-acetyJ-p^glucopyrancsids in 1£ ml cf dry methane!, 0.25 
ml of 30% sodium methoxide in methanol are added. After 30 minutes at room temperature under stirring, the solution 
55 is neutralized with acetic acid. The solvent is removed under reduced pressure and the crude residue is purified by col- 
umn chromatography on silica gel using as a solvent ethyl acetate/water/methanol (2:3:1). After collection of pure sam- 
ples and lyophilization from an aqueous acetic acid solution, the title compound is isolated. 
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ESI-MS: 640.0 [M+H] + and 662.4 [M+Na] + and 1 H and 13 C NMR spectral data in good agreement to the proposed 
structure. 

The intermediate products can be prepared as follows: 

5 

a) 4-Loperamjdyl 2.3.4.6 tetra O-acetvl-B-D-aluconvranoside. 

Under Argon atmosphere a solution of 0.50 g of loperamide and 0.27 g of silver trif late in 10 ml of dry dichlorometh- 
ane in the presence of 3A molecular sieves is prepared and kept under stirring at -20 2 C. The reaction is started by drop- 
10 wise addition of 0.43 g of tetraacetyl-&-D-glucopyranosyl bromide in 5 ml of dry dichloromethane. The reaction is left to 
proceed for 3 h and 0. 1 0 ml of triethylamine are added and the mixture is allowed to warm up to room temperature. The 
silver salts are filtered off and the filtrate is evaporated under reduced pressure. The residue is finally purified on a silica 
gel column eluted with a chloroform/methanol mixture (9:1) yielding the title compound. 

15 ESI-MS: 808.3 [M+H] + and 830.1 [M+Na] + and 1 H and 13 C NMR spectral data in accordance to the structural fea- 
tures of this compound. 



Example. 33 

The title compound is prepared in analogous fashion from the galactobromo sugar as starting material. 
Example. 3 4 

25 

4-Loperamidvl-B- D-QalactoDvranosvl uronicacid acetate. 



The galacturonic acid analogue is synthesized according to a similar process described in example 32. 
30 Example. 35 

4-LoperamidYl-p-D-qlucopyranosyl uronamide acetate. 

The corresponding glucuronamide derivative is also produced by following a reaction pathway as described above. 
Example. 3g 

4-Loperamidyl-p-D-aalactopvranosyl uronamide acetate. 

t^^^.^^ mitf'derivative^s^iso pri^ 

mosugar intermediate. 

Example. 37 

45 Methadyl-B-D-qlucopyranoside acetate. 



To a solution of 1.00 g of methadyl 2,3,4,6 tetra O-acetyl-p-D glucopyranoside in 20 ml of dry methanol, 0.5 ml of 
30% sodium methoxide in methanol are added. After 30 minutes at room temperature under stirring, the solution is neu- 
tralized with acetic acid. The solvent is removed under reduced pressure and the crude residue is purified by column 
so chromatography on silica gel using as a solvent ethyl acetate/water/methanol (2:3:1). Pure fractions are collected which 
render the title compound after lyophilization from an aqueous acetic acid solution. 

--^^.ESl-MS: 473.6..[NM-H] + -and 495.8[ly>Na] + and J H and 1 ?C NMR spectra! cta«a in good agreement tc the p*^^ -tsa^ ^ 
structure. 

55 

The intermediate products can be prepared as follows: 
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a) Methadyl 2.3.4.6 tetra O-acetvl-B-D-alucopyranoside. 

Under Argon atmosphere a solution of 0.80 g of methadol and 0.66 g of silver triflate are dissolved in 15 ml of dry 
dichloromethane in the presence of 3A molecular sieves The mixture is prepared and kept under stirring at -20 a C. The 
5 reaction is started by dropwise addition of a solution of 1 .00 g of tetraacetyl-&- D-glucopyranosyl bromide in 1 0 ml of dry 
dichloromethane. The reaction is left to proceed for 3 h and 0.26 ml of triethylamine are added and the mixture is 
allowed to .warm up to room temperature. The silver salts are filtered off and the filtrate is evaporated under reduced 
pressure. The residue is finally purified on a silica gel column eluted with a chloroform/methanol mixture (8:2) yielding 
the title compound. 

10 

ESI-MS: 641 .7 [M+H]+ and 663.8 [M+Na] + and 1 H and 13 C NMR spectral data in accordance to the structural char- 
acteristics of this compound. 

b) Methadol. 

15 

To a 20 ml ethanol solution of 1 g of methadone hydrochloride, 0.40 g of sodium borohydride are added. The reac- 
tion is kept at room temperature for 2 h. The solvent is evaporated and the residue suspended in ethyl acetate. After 
washing the organic layer with agueous 10% bicarbonate solution and drying with anhydrous sodium sulfate, the title 
compound is isolated. ESI-MS 333.4 [M+Na] + 

-J£ j£ rssr.c^ — _ 7T* ■ ^c:^£>^ - •• • -. :TSS^V*sa«"a^ — , — ^rtw^p^^Bsssfcaesas*^ 

Example. 38 

Methadyl-p-D-galactopyranoside acetate. 
25 This compound is produced by an analogous manner from the bromosugar as starting material. 
Example. 39 

Methadyl-p-D-oalactopvranosvl uronic acid acetate. 

30 

The analogue of galacturonic acid is prepared according to a similar procedure as described in example 37. 
Example. 40 

35 Methadyl-p- D-glucopyranosyl uronamide acetate. 

The corresponding glucuronamide derivative is also synthesized by following a reaction sequence as described 
above. 

^ , ,40^ Example. «gla fij^ mbm**^. ^j^^-^^t^ .-^a-*^^^ 

Methadyl-g-D-qalactopYranosyl uronamide acetate. 

By a similar synthetic route of example 37, this derivative is also prepared using the appropriate bromosugar inter- 
45 mediate. 



Example, 42 

g-PentazQ<?Yl-B-D-qlMcppYrgnQsicle acetate. 

50 

To a solution of 1.00 g of pentazocine and 0.12 g of lithium hydroxide in 10 ml of methanol are added 1 .45 g of &- 
D-glucopyranosyl bromide tetraacetate. After stirring for 30 min at room temperature, a solution of 0.40 g of lithium 
hydroxide in lO^mj of water is added. The reactionjs allowed to proceod fr» a further 30 min period eM&^js taken tr._ . + _^=^ 

pH:8 with acetic acid. The unreacted pentazocine is filtered off and the filtrate further purified by silica gel column chro- 
55 matrography using as a solvent system ethyl acetate/water/methanol (1 :1 :1) affording the title compound which is then 
lyophilized from an aqueous acetic acid solution. 

ESI-MS: 448.4 [M+H] + and 470.3 [M+Na] + and 1 H and 13 C NMR spectral data in accordance to the proposed struc- 
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ture. 
Example. 43 

s 6-Pentazocyl-p-D-aalactopvranoside acetate. 

_ By an analogous procedure as described for example 42 the title compound is prepared using the corresponding 

&-D-galactopyranosyl bromide tetraacetate. 

10 Exgmple, 44 

6-Pentazocyl-B-D-Qalactopyranosyl uronic acid acetate. 

This analogue is prepared by a similar route as described in example 42 starting from the methyl (tri-0-acetyl-&-D- 
15 galactopyranosyl bromide)-uronate intermediate. 

Example. 45 

6-Pentazocvl-B-D-alucopvranosvl uronamide acetate. ^ r 

The corresponding glucuronamide analogue is prepared by a similar way from the acetobromo sugar intermediate. 
Exgmplp. 4$ 

25 6-Pentazocyl-p-D-galactopyranosyl uronamide acetate. The galacturonamide derivative is synthesized following an 
analogous route as described in example 42. 

Ex9mple, 47 

30 6-Cvclazocvl-B-D-alucopyranoside acetate. 

To a solution of 0.50 g of cyclazocine and 0.06 g of lithium hydroxide in 5 ml of methanol are added 0.75 g of &-D- 
glucopyranosyl bromide tetraacetate. After stirring for 30 min at room temperature, a solution of 0.20 g of lithium hydrox- 
ide in 5 ml of water is added. The reaction is allowed to proceed for a further 30 min period and then is taken to pH:8 
35 with acetic acid. The unreacted cyclazocine is filtered off and the filtrate further purified by silica gel column chroma- 
trography using as a solvent system ethyl acetate/water/methanol (1 :1 :1) affording the title compound which is finally 
lyophilized from an agueous acetic acid solution. 

ESI-MS: 434.3 [M+H] + and 456.6 [M+Na] + and +H and 13 C NMR spectral data in accordance to the structure of title 

'ZsnJP**^ ^compound..,- .ssrr- ^^s^^ ' z^^-i^s^^ ^^suw^r;^ 

Example. 48 

6-QyplazQcyl-B-D-qal^ctQPyranQ?id^ acetate- 

45 

The galactoside is similarly prepared as described in example 37 using the corresponding bromoacetate derivative. 
Example. 49 

so 6-Cyclazocyl-p-D-galactopyranosyl uronic acid acetate. 

This derivative is prepared using the corresponding uronate following similar procedures already described. 
Example. 5P 

55 

6-Cvclazocyl-p-D-alucopvranosvl uronamide acetate. 

Following an analogous recipy as described in example 47, the glucuronamide analogue is prepared. 
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Example. 51 

6-Cvclazocvl-B-D-cialactopyranosyl uronamide acetate. 
5 A similar procedure as describe previously leads to this derivative. 

Biological activity. - ~ .. 

The compounds of the invention show pharmacological activity and therefore are indicated for use as pharmaceuticals 
10 for therapeutic purposes. 

The activity of the compounds of the invention may be observed in either "in vivo" or In vitro" standard biological 
tests. In general terms, the compounds of the invention show equal or superior potency than their unmodified opiate 
counterparts (i.e., the corresponding sugar-free opiates) when administered intraperitoneal^ in laboratory animals. 
Some of them also exhibit longer duration of action. In accordance, the compounds of the invention are therefore indi- 
te cated for the treatment of the same disorders as those of the unmodified opiates. 

The compounds of the invention may be compared with the unmodified parent opiates in standard antinociceptive 
tests, i.e. in terms of potency and duration of action. For example, phamacological tests may be effected to examine the 
effects of the compounds of the invention on suppressing pain associated to nocius stimuli induced in laboratory ani- 
mals. Thus, these compounds can be tested by measuring the time treated animals are insensitive to a given pain? 1 * 
20 stimuli. — • -jrj>-*f-, ~ *: — M -^.*=5s** .-.■^ "^rvp^ 

In spite of the different classes among the compounds of the invention which can be appreciated in accordance to 
their chemical structure, all are pain-related substances and therefore can be examined on the tail immersion and paw 
pressure tests as follows. 

Male Sprague-Dawley rats weighing 200 g are used. They are housed singly in a room with controlled temperature 
25 21 ft C on a 12h light-dark cycle and given free access to food and water. 

The tail flick test, is conducted as described by D'Amour RE. and Smith D.L in A method for determining loss of 
pain sensations, J.Pharmacol. Exp. Ther. 72,74, 1941. 

Mechanical nociceptive thresholds are determined by the paw pressure test on the left hind paw as described in 
the literature (Randall LO. and Selito J.J. A method for measurement of analgesic activity on inflamed tissue, Arch. Int. 
30 Pharmacodyn. Ther. 1957, 1 1 , 409-419.). Pain thresholds are measured with an analgesymeter. The apparatus is set 
up to apply a force of 0-1000 g increasing from zero at a rate of 64 g/s. The nociceptive threshold is taken as the point 
at which the rat vocalize or struggle vigorously. 

In the above described tests, the following results obtained with example 1 compound are given as a representative 
example. Morphine and M3G have been used as reference compounds. After intraperitoneal administration of a dosis 
35 of 0.1 mg/Kg of example 1 compound, a maximal antinociceptive response was observed, this is a 100% of analgesia 
was measured. On the same set of experiments and by the same administration route, a morphine dosis of 5 mg/Kg 
induced a 65-75% of analgesia while a dosis of 1 mg/Kg of M3G showed the same effect. 

Results provided by compound of example 26 illustrate a different case where the incorporation of the sugar moiety 
into the opiate molecule does not affect the potency of the parent compound. Thus, in the above described tests, an 
^4StrrHSrap$titon^ codeine-!nduces:the^samedegree*of-anaigesia aS'CornpGund-cf- 

example 26. 

Claims 

45 1 . A sugar derivative of a biologically active opiate which has an enhaced analgesic potency if compared to the non- 
sugar modif ied opiate and carries at least one sugar residue which is attached by direct O-glycosidic bond or ether 
coupling to one hydroxyl group of the opiate or by means of a C-glycosidic bond between two other suitable func- 
tions on the two constituting moieties. 

so 2. A derivative according to claim 1 wherein the derivative contains more than one sugar residue. 

3. A derivative according to claim 1 and 2 wherein the derivative contains more than one opiate molecule per sugar 
residue. . . We — ^. 

55 4. A sugar derivative of biologically active opiates of the following formulae: 
a) 



28 



EP 0 816 375 A1 



Ri 

Formula I 



wherein 



10 



15 

is a glycosyl residue being linked via glycosidic bond to an hydroxyl group of a biologically active opiate. is 
hydrogen, hydroxyl group, a saturated or insaturated or aromatic linear or branched or cyclic alcohol and/or 
acid residue with 1 to 18 C-atoms, a sulfate(s) or phosphate(s) residue(s) and R is the residue of a biologically 
active opiate of formula R-OH, wherein the OH group is either an alcohol or a phsnc! function. 

20 b) r - — ■' * 

? 

C-R 2 



Formula II 

25 



30 

wherein 



O 

II 

15 C- 



H £°.7<- 



f^^.—^iStfL^^^ insaturatsd or^rcfTiat^ 

or cyclic amine or alcohol residue with 1 to 18 C-atoms and R is the residue of a biologically active opiate of 
formula R-OH, wherein the OH group is either an alcohol or a phenol function, 
c) 

is A 3 -0-R Formula III 

wherein A3-O- is a glycosyl residue being linked via ether bond to an hydroxyl group of a biologically active opi- 
ate and R is the residue of a biologically active opiate of formula R-OH, wherein the OH group is either an alco- 
hol or a phenol function. 

>o d) 

Formula IV f m%m O/**n 
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wherein 
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5 




is a deoxy glycosy! residue being coupled via C-C single bond to an atom carbon of a biologically active opiate 
and R is the residue of a biologically active opiate. 
10 e) 



15 A s 



Formula V 



wherein 



25 



- j 



is a sugar residue, R denotes the residue of a biologically active opiate of formula R-OH and X is a linker group, 
i.e., NHCO or NHCS coupling the opiate to the sugar residue. 

30 Acid salts and complexes of these opiate glycoconjugates of formula I to V are also among this series of 

compounds. 

5. A compound of claim 4 containing one sugar moiety. 
35 6. A compound of claim 4 containing two sugar moieties. 

7. A compound of claim 4 containing three sugar moieties. 

8. A compound according to claim 4 to 7 containing more than one opiate molecule per sugar residue. 

9. A compound of any of claims 4 to 8 which is a compound of Formula I. 

1 0. A compound of anyone of claims 1 to 8 presenting in its molecule a sugar residue according to the formula below. 



45 



50 



w\ Rl 

Formula VLa R h~7^-b-7*~0- 



v ^ wherein one of the raci!ca!s.R a and R b is hydrogen and the.cther : ? R, cr NH 2 or NHGQOCHs, one of the radicate 
R c and is hydrogen and the other is R-i or O-glycosyl, being the glycosyl radical derived from a reducing mono- 

55 , di- or oligossacharide, one of the radicals, R^ and R f is hydrogen and the other is or O-glycosyl, being the gly- 
cosyl radical derived from a reducing mono-, di- or oligossacharide, one of the radicals R g and R h is hydrogen and 
the other is Chfe-F^ or O-glycosyl, being the glycosyl radical derived from a reducing mono-, di- or oligossacharide, 
the radical Rj is hydrogen or CH 2 OH, and the radical R-i as described above. 
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1 1 . A compound according to claim 10 where a sugar residue is chosen from the following radicals: glucosyl, galacto- 
syl, mannosyl, fucosyl, xylosyl, rhamnosyl, glucosaminyl, N-acetylglucosaminyl, octylglucopyranosyl, ciclohexy- 
Iglucopyranosyl, benzylglucopyranosyl, glucosyl sulfate, glucosyl phosphate, glucosaminyl sulfate, N-acetyl- 
glucosaminyl sulfate, lactosyl, gentiobiosyl, chitobiosyl, N-acetyl-lactosaminyl, cellobiosyl, maltosyl, melibiosyl and 

5 L-sorbosyl. 

12. A compound according to claims 1 to 8 presenting in its molecule a sugar residue according to the formula below. 



R '\? ,,! o R y t 



weherein one of the radicals R' a and R' b is hydrogen and the other is R-j or O-glycosyt, being the glycosyl radical 
derived from a reducing mono-, di- or oligosaccharide, one of the radicals R' c aand R' d is hydrogen and the other 
is R-i or O-glycosyl, being the giyccsyl radical derived from a reducing mono-, di- or oligosaccharide, one of the rad- 
. . 20- -^ icals R'e and R' f is hydrogen and the other- is CH^or-CHOH-CHgORi or O-glycosyl*- being the glycosyi radical ^ 
derived from a reducing mono-, di- or oligosaccharide, the radical R' g is hydrogen or CH 2 OH and the radical as 
described above. 

13. A compound according to claim 12 where a sugar residue is selected from the following radicals: D-ribosyl, D-ara- 
25 binosyl, D- xylosyl, D-lyxosyl, 2-deoxy-D-ribosyl, altosyl, idosyl, allosyl, D-fruclosyl, D-sicosyl, D-sorbosyl, D-taga- 

tosyl, D-xylulosyl, D-ribulosyl, D-glucofuranosyl, D-galactofuranosyl, octylribofuranosyl. cyclohexylxylofuranosyl, 
benzylarabinofuranosyl and D-fructosyl fosfate. 

14. A compound according to anyone of claims 4 to 8 which is of Formula II. 

30 

1 5. A compound of anyone of claims 1 to 8 presenting in its molecule a sugar residue according to the formula below. 



O 




wherein one of the radicals R" a and R" b is hydrogen and the other is hydrogen, hydroxyl, amino or acetylamino 
group, one of the radicals R" c and R" d is hydrogen and the other is hydrogen or O-glycosyl, being the glycosyl rad- 
ical derived from a reducing mono-, di- or oligossaccharide, one of the radicals R" e and R M f is hydrogen and the 
45 other is hydrogen or O-glycosyl, being the glycosyl radical derived from a reducing mono-, di- or oligossaccharide 
and the radical R 2 as defined above. 

A compound according to claim 15 where a sugar moiety is selected from the following sugar derivatives of the 
uronic acid series: glucuronic acid, galacturonic acid, glucuronamide, glucosaminuronic acid, octylgalacturona- 
mide, cyclohexylgalacturonate, decylglucoronate and benzylgiucoronamide or other complex sugar acids such as 
muramic acid, neuraminic acid, acetyl muramic, acetyl neuraminic and sialic acid. 

17. A compound, of Formula III asrigfinecMn anyone of claims 4 to 8, 10 jo 13, 15 ancU.6.^. • 

55 18. A compound of Formula IV as defined in anyone of claims 4 to 8, 10 to 13, 15 and 16. 

19. A compound of Formula V as defined in anyone of claims 4 to 8, 10 to 13, 15 and 16. 
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Formula Vl.b 
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20- A compound of claim 19 wherein X is NHCO or NHCS. 

21. A compound of anyone of claims 1 to 20 wherein the opiate is a derivative of morphinan structure. 
5 22. A sugar derivative of compound of formula VI II. 



10 



15 



Formula VIII 




wherein, is hydroxyl, methoxy, ethoxy, acetoxy or 



20 



-OCH 2 CH 2 N^J) 



group; M 2 is hydrogen, hydroxyl, oxy, acetoxy, methoxy and methene group; M 3 is methyl, methylen cyclopropyl, 
25 methylen cyclobutyl and allyl group; M 4 hydrogen or hydroxyl; the bond between carbon atoms in positions 6-7 and 
7-8 can be either single or double; the ether function between position 4 and 5 can be either present or not present 
on the molecule. Compounds off formula VIII can either exist in the form of levo or dextrorotatory isomers as well as 
salts and complexes. 

30 23. A sugar derivative of claim 22 of formula 



35 



Formulae VIII a,b 



Hv4 
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50 



55 



Formulae VIII c,d 



O 

II 

C-R 2 



h ^ot<o 




O 

II 

C-R 2 
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correspond to the morpfe^structure. _ 
55 25. A compound of claim 24 which is 3-morphinyl n-octyl-(p-D-glucopyranosyl) uronamide. 
26. A compound of claim 24 which is 3-morphinyl n-octyl-(p-D-galactopyranosyl) uronamide. 
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27. A compound of claim 24 which is 6-morphinyl n-octyt-(p-D-glucopyranosyl) uronamicle. 

28. A compound of claim 24 which is 6-morphinyl n-octyl-(p-D-galactopyranosyl) uronamide. 
5 29. A compound of claim 24 which is 3-morphinyl (p-D-glucopyranosyl) uronamide. 

30. A compound of claim 24 which is 3-morphinyl (p-D-galactopyranosyl) uronamide. 

31. A compound of claim 24 which is 3-morphinyl (p-D-galactopyranosyl) uronic acid. 

10 

32. A compound of claim 24 which is 3-morphinyl p-D-glucopyranoside. 

33. A compound of claim 24 which is 3-morphinyl p-D-galactopyranoside. 

75 34. A compound of claim 24 which is 6-morphinyl-6-0-D-galactopyranosyl ether. 

35. A compound of claim 24 which is 6-morphinyl-3'-0-D-glucofuranosyl ether. 

36. A compound of claim 24 which is e-morphinyl-S'-O-D-alloluranosyl ether. 

r*,-,. .120 - = - irso^..- - - - ' — ■ ^v;a>«- - ■ .-w 

37. A compound of claim 24 which is 6-morphinyl-6'-0-D-glucopyranosyl ether. 

38. A compound of claim 24 which is S-morphinyl^-O-D-mannopyranosyl ether. 
25 39. A compound of claim 24 which is 6-morphinyl p-D-glucopyranoside. 

40. A compound of claim 24 which is 6-morphinyl p-D-galactopyranoside. 

41 . A compound of claim 24 which is 6-morphinyl (p-D-glucopyranosyl) uronamide. 

30 

42. A compound of claim 24 which is 6-morphinyl (p-D-galactopyranosyl) uronamide. 

43. A compound of claim 24 which is 6-morphinyl (p-D-galactopyranosyl) uronic acid. 
35 44. A compound of claim 24 which is 6-morphinyl p-D-glucopyranosyt thiouretane. 

45. A compound of claim 23 which is 3-naloxonyi-p-D-glucopyranoside. 

46. A compound of claim 23 which is 3-naloxonyl-p-D-galactopyranoside. 

47. A compound of claim 23 which is 3-naloxonyl-p-D-glucopyranosyl uronamide. 

48. A compound of claim 23 which is 3-naloxonyl-p-D-galactopyranosyl uronamide. 
45 49. A compound of claim 23 which is 3-naIoxonyl-p-D-galactopyranosyl uronic acid. 

50. A compound of claim 23 which is 6-codeinyl-p-D-glucopyranoside. 

51 . A compound of claim 23 which is 6-codeinyl-p-D-galactopyranoside. 

50 

52. A compound of claim 23 which is 6-codeinyl (p-D-glucopyranosyl) uronic acid. 

53. %Qompound of claim 23 which is 6-.codeinyl (p-D-galactopyranosyl) uronic scid, 

55 54. A compound of claim 23 which is 6-codeinyl n-octyl (p-D-glucopyranosyl) uronamide. 
55. A compound of claim 23 which is 6-codeinyl n-octyl (p-D-galactopyranosyl) uronamide. 
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56. A compound of anyone of claims 1 to 20 wherein the opiate is a derivative of meperidine structure. 

57. A sugar derivative of compound of formula IX. 

5 

E 2 

Formula IX E 3 



w 



15 




N — Ei 



wherein is methyl, phenylethyl, p-phenylethylamine, -(CH2)3-NH-C 6 H 5l -(CH^-CfCeHgk-CN, -(CH^- 
C(C 6 H5) 2 -CO-N(CH3) 2l 

c 
II 
c 

/ \ 

<GHJ 2 -N N-CH 2 -CH 3 



and 



25 



30 



E 2 is hydrogen, phenyl, m-hydroxyphenyl, p-chlorophenyl, methylenmetoxide and piperidinyl; E 3 is hydroxy!, ethyi- 
carbonyl, carboxamide, ethyloxycarbonyl, ethylcarboxyl and -N(C 6 H 5 )-CO-CH 2 -CH 3 . 

35 58. A sugar derivative of claim 57 of formula 



. Rl H 

: 40^j&Yjtt*&sss& ^ Formula iXa ^— Hv^ fc . - df^, ^ <;-^ 



Ay---/ O— Mepe 



45 



50 



o 

II 

C-R 2 



Formula IXb "^(T^Ho 



Mepe 

55 

A 3 -0-Mepe Formula IXc 
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Formula IXd Ap^^A 



Mepe 



10 



15 



Formula 



IXe A ^-9.7^X— O— Mepe 



where Mepe denotes the residue of meperidine or of a derivative or analogue as defined in claim 57. 

59. A compound of claim 58 which is 4-loperamidyl-p-D-glucopyranoside acetate. 

60. A compound of claim 58 which is 4-loperamidyl-p-D-galactopyranostde acetate. 

25 61 . A compound of claim 58 which is 4-loperamidyl-p-D-galactopyranosyl uronic acid acetate. 

62. A compound of claim 58 which is 4-loperamidyl-p-D-glucopyranosyl uronamide acetate. 

63. A compound of claim 58 which is 4-loperamtdyl-p-D-galactopyranosyl uronamide acetate. 

30 

64. A compound of anyone of claims 1 to 20 wherein the opiate is a derivative of methadone structure. 

65. A sugar derivative of compound of formula X. 

35 

/CH 3 

C 6 H 5 D 2 -N 
Formula X X c CH 3 



wherein is phenyl or benzyl; D 2 is -CH 2 -CH(CH 3 )-, -CH(CH 3 )-CH 2 - and -(CH 2 ) 2 -; D 3 is ethylcarbonyl, ethylcar- 
45 boxyl and ,CH(OCOCH3)-CH 2 -CH 3 . 



66. A sugar derivative of claim 65 of formula 



50 



55 
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Formula Xa 



•H-ot< H 

AY'""-' O— Meta 



10 



15 



20 



25 



30 



Formula Xb 



O 

H 

C-R 2 



H ^o-X H 



A 3 -0-Meta Formula Xc 



Formula Xd a> 

^ Meta 



Formula Xe 

35 



a O 97^X— O— Meta 



where Meta refers to the residue of methadone or of a derivative or analogue as defined in claim 65. 

67. A compound of claim 66 which is methadyl-p-D-glucopyranoside acetate. 

68. A compound of claim 66 which is methadyl-p-D-gaiactopyranoside acetate. 

45 69. A compound of claim 66 which is methadyi-p-D-galactopyranosyl uronic acid acetate. 

70. A compound of claim 66 which is methadyl-p-D-glucopyranosyl uronamide acetate. 

71. A compound of claim 66 which is methadyl-p-D-galactopyranosyl uronamide acetate. 

50 

72. A compound of anyone of claims 1 to 20 wherein the opiate is a derivative of benzomorphane structure. 
. 73, A sugar derivative of compound of formuJaXi w „ . . ■ 

55 
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Formula XI 




10 



15 



-2C 



25 



30 



35 



wherein T is methyl, phenylethyl, methylcyclopropyl and -CH 2 -CH=C(CH 3 ) 2 
74. A sugar derivative of claim 73 of formula 



w. ~* -t- - :-jr~sr:z:*s V- 
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50 
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5 



Formula Xle 



10 




15 75. A compound of claim 74 which is pentazocyl-p-D-glucopyranoside acetate. 

76. A compound of claim 74 which is pentazocyl-p-D-galactopyranoside acetate. 

77. A compound of claim 74 which is pentazocyl-p-D-galactopyranosyl uronic acid acetate. 

78. A compound of claim 74 which is pentazocyl-p-D-glucopyranosyl uronamide acetate. 

79. A compound of claim 74 which is pentazocyl-p-D-galactopyranosyl uronamide acetate. 
25 80. A compound of claim 74 which is cyclazocyl-p-D-glucopyranoside acetate. 

81 . A compound of claim 74 which is cyclazocyl-p-D-galactopyranoside acetate. 

82. A compound of claim 74 which is cyclazocyt-p-D-galactopyranosyl uronic acid acetate. 

30 

83. A compound of claim 74 which is cyclazocyl-p-D-glucopyranosyl uronamide acetate. 

84. A compound of daim 74 which is cyclazocyl-p-D-galactopyranosyl uronamide acetate. 

35 85. A derivative according to anyone of claims 1 to 3 wherein the sugar residue is attached to an hydroxyl group of the 
opioid by a Oglycosidic bond. 

86. A derivative according to anyone of claims 1 to 3 wherein the sugar residue is coupled to an hydroxyl group of the 
opiate by an ether function. 

87. A derivative according to anyone of claims 1 to 3 wherein the sugar residue is linked to the opiate molecule by a C- 
glycosidic bond. 

88. A derivative according to anyone of claims 1 to 20 wherein the opiate attached to the sugar residue posseses phar- 
45 macological and therapeutical activities in relation to analgesia, cough, dispnea, constipation, diarrhea and 

anesthesia or which stimulate or inhibit such activity. 

89. A derivative according to claim 88 wherein the opiate has a stimulating or inhibitory pain/analgesic/antinociceptive 
activity. 

50 

90. A derivative according to claim 88 wherein the opiate has an inhibitory coughing activity. 

91 . A derivative according to claim 88 wherein *he opiate has an inhibitory c^nst.lr>stional.activ!*y, f 
55 92. A derivative according to claim 88 wherein the opiate has an inhibitory diarrheal activity. 

93. A derivative according to claim 88 wherein the opiate has a stimulating or inhibitory activity in relation to dispnea. 
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94. A derivative according to claim 88 wherein the opiate has a stimulating anesthesic activity. 

95. A process for the preparation of a sugar derivative of a biologically active opiate which has an enhaced analgesic 
potency if compared to the non-sugar modified opiate and carries at least one sugar residue which is attached by 
direct O-glycosidic bond or ether coupling to one hydroxy! group of the opiate or by means of a C-glycosidic bond 
between two other suitable functions on the two constituting moieties. Such a process is characterized by, 

a) At least one protecting group on the molecule of the opiate glyconjugate is cleaved or, 

b) A conveniently modified and/or protected sugar residue and a suitably derivatized opiate unit are linked 
together by glycosidic or ether or C-C bond, and stage a) of the process is optionally performed. 

c) At least one optionally protected residue is introduced into a protected or unprotected opiate glycoconjugate 
and stage a) of the process is optionally effected, or 

d) A functional group of a protected or unprotected opiate glycoconjugate is converted into another functional 
group or removed and a further residue is introduced, so that an unprotected or protected opiate glycoconju- 
gate is obtained, and in the latter case, stage a) is followed. 

96. A process for the production of a compound: 

a) of Formula I 



wherein 




is a glycosyl residue being linked via glycosidic bond to an hydroxyl group of a biologically active opiate, is 
hydrogen, hydroxyl group, a saturated or insaturated or aromatic linear or branched or cyclic alcohol and/or 
acid residue with 1 to 18 C-atoms, a sulfate(s) or phosphate(s) residue(s) and R is the residue of a biologically 
actK'3 opiate of formula. R-OH, wherein the OH group is either-an alcohol or a phenol function. - - 

b) of Formula II 



O 



wherein 
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15 



20 



25 



30 



o 

II 

c— 



H ^ro7<o- 



is a residue of an uronic acid, R 2 is hydroxyl, amino, a saturated or insaturated or aromatic linear or branched 
10 or cyclic amine or alcohol residue with 1 to 18 C-atoms and R is the residue of a biologically active opiate of 

formula R-OH, wherein the OH group is either an alcohol or a phenol function, 
c) of Formula III 



A3-O-R 

wherein A 3 -0- is a glycosyl residue being linked via ether bond to an hydroxyl group of a biologically active opi- 
ate and R is the residue of a biologically active opiate of formula R-OH, wherein the OH group is either an alco- 
hol or a phenol function, 
d) of Formula IV 



wherein 



35 is a deoxy glycidyl residue being coupled via C-C single bond to an atom carbon of a biologically active opiate 

and R is the residue of a biologically active opiate, 
e) of Formula V 



45 



50 



55 



wherein 



is a sugar residue, R denotes the residue of a^biolo^ically active opiate of formula R-OH and X Is a linker gro ; ;p. 
i.e.. NHCO or NHCS coupling the opiate to the sugar residue. 

Acid salts and complexes of these opiate glycoconjugates of formula I to V are also among the compounds 
that can be prepared by this process. Such a process is characterized by, 
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a) At least one protecting group on the molecule of the opiate glyconjugate is cleaved or, 

b) A conveniently modified and/or protected sugar residue and a suitably derivatized opiate unit are linked 
together by glycosidic or ether or C-C bond, and stage a) of the process is optionally performed. 

c) At least one optionally protected residue is introduced into a protected or unproected opiate giycoconjugate 
5 and stage a) of the process is optionally effected, or 

d) A functional group of a protected or unprotected opiate giycoconjugate is converted into another functional 
group or removed and a further residue is introduced, so that an unprotected or protected opiate giycoconju- 
gate is obtained, and in the latter case, stage a) is followed. 

w The isolation of the compound is performed in free form, acid addition salt or complex form. 

97. A process for the production of a sugar derivative of claim 1 essentially as here described and taken into account 
the methods outlined in any one of the examples. 

is 98. A compound whenever produced by a process of anyone of claims 95 to 97. 

99. A compound of any of claims 1 to 94 and 98 as a hydrate form 

1 00. A compound of any of claims 1 to 94 and 98 in acid addition salt form. 

101 .A pharmaceutical composition containing a compound fo anyone of claims 1 to 94 and 98 in free form or in a bio* 
logically acceptable salt or complex form in association with a pharmaceutical carrier or galenic preparation. 



25 



30 



35 



45 



50 



55 



102. A composition according to claim 101 adapted for oral administration. 

103. A composition according to claim 101 adapted for nasal administration. 

1 04. A compound according to anyone of claims 4 to 84 in a pharmaceutical^ acceptable form for use as a pharmaceu- 
tical preparation. 



43 



EP 0 816 375 A1 



INTERNATIONAL SEARCH REPORT 



mtcrnational application No. 
PCT/ES 96/00214 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI. 8 C07H 17/00. 17/02. 15/18, Ml K 31/70 

According to International Pitent Clastification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Mm 



symbols) 



Int. Cl.° C07H A61K 



r than i 



i to the nam that rach documents art included in the fields »e*rched 



Electronic <Uu bus consulud dorian the intertiAttonal search (name of data base and. warn practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



X 
Y 
Y 

Y 

Y 

X 



DE 839799 A (CASPARIS. P.) 26 Nay 1952 (26.05.92) 
see the whole document 
page 1, column 1. lines 1-8. examples 

US 4973596 A (COHEN. 1LA.) 27 Noventoer 1990 
(27.11.90) coltm 1. lines 14*22. claim 1 

US 4012525 A (MURPHY ctal) 15 March 1977 (15.03.77) 
claim 1 

US 4159333 A (MAY et al) 26 June 1979 ( 26.06.79) 
claims 1.14 

KOVAK, P. and RICE, K-C: "Synthesis and characterization of 
6-alpha-and 6-0 beta - D glucopyranosil codeine". 
Hrterocydes. vol. 41. no. 4. 1 April 1995 (01.04.95) 
pages 697*707. see the whole document. 



1,4.5,9-18,21-43,85 
86,88*104, 
56-84 

56-63 



64-71 



72-84 



1,4,5,9-18.21-43, 
50-55.85,86,95-100 



13 



Further documents are lilted in (he 



of Box C. [T] See patent fcnily annex. 



of cited donnieeBte: T" lucr iocuwmt pohhriwl *n« th. irtjn*i>on«J 
to oc Of pttAJcolmr ttvwtnoe 

-L M documem which may *wtm doubts oe enerity clawn(i) or which a to the document liken alone 

oiatd to enobluh the publication date of snofeer edition or other 

mhom) raoa (u ipectfW) docum-nt of pwtxailAf r+mm the chimed in»a*]<» cmnnot be 

TTor^die^u^^o.oiottec Sn^v^on^ 



Ghngd 



reflhii 



(amity 



Date of the actual completion of the 

20 June 1S3? (20.66.9/) 



Date of mailing of the international search report 

3 July~19d? "(03.57.57} 



Name and mailing address of the ISA/ 

S.P.T.0. 
Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



44 



EP 0 816 375 A1 





INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/ES 96/00214 


C(Conlmut 


Uion) DOCUMENTS CONSIDERED TO BE RELEVANT 






Ctlegoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 9305057 A (IREPA) 18 March 1993 (18.03.93) 
page 2 - page 4. fig 5 




M,5,14-16\21- 
24,85,95-100 


X 


WO 9303051 A (SALFORD ULTRAFINE CHEMICALS AND 
RESEARCH LIMITED) 18 February 1993 (02.03.93) see 
the whole document 


24.85,95-100 


X 


WO 950583 1 A (EURO CELTIQUE SA) 2 March 1995 
(02.03.95), pages 1-3. claims 


1.4,5,14-16,21- 

24 85 88 89 mt 
*^.oj, 00,07. iui, 

102,104 


X 


PATENT ABSTRACTS OF JAPAN. Vol. 003, 123 (C-061 ) , 
JP 54105237 A (SANKYOCOiTD) 18 August 1979 (18:08.79) 
abstract 


1,4.5 14-16,21-24, 
85,88,89,101,102, 
104 


X 


R- OSBORNE ET AL: "Analgesic activity of morphine-6- 
pjucuronide*' 

THE LANCET, vol. 9. 9 April 1988 (09.04.88), page 828 
see the whole document 


1.4,5.14-16.21- 
24.85,88,89,104 


X 


iviuu/ck. rnarmacoLogjcai ctxccts of drug conjugates: is 
morphine 6-ghicuromde in exception?"" 

TRENDS eTpHARMACOlTScL, vol . 13. 08.92, pages 302- 
304, page 302, col iron 1- colu&n 2 


1.4,5,14-16,21- 
24.85,88,89 


X 


H. YOSHIMURA ET AL: "Metabolism of drugs. LX. The synthesis' 
of codeine * nr * morphine ghicuronides" 

CHEMICAL AND PHARMACEUTICAL BULLETIN, VoL 16, 
no. 11, 1968, TOKYO JP, pages 2114-2119, see the 
whole document 


1.4,5.14-16,21- 
24,85,95-100 


x 


H. BR2EZENKA ET AL: 4 mchdrucWlQssigkeits^hromatomphische 
trennung von glucuroniden und deren massenspektromestricne 
identifiaerung ' 

FRESQOTjy Z. ANAL.CHEM.yol. 323, no. 3, 1986 pages 
220—224, abstract 


1.4.5,14-16.21- 
24.72-74 


X 


-ILK. LYNN ET AL ^"Identification of ghicorontde metabolites of - 
benzomorphan narcotic analgesic drugs in bile from the isolated 
perfused rat liver by gas chromatography and mass spectrometry." 
DRUG METABOLISM AND DISPOSITION. ;vol. 5. no. 1 
1977, pages 47-55, figures 3, 4, table 1 


l,4,S-14~;G,72-74 


X 


J. CALDWELL ET AL: "Non-human primate species as metabolic 
models for die human situation: comparative studies on meperidine 

TOXICOLOGY AND APPLIED PHARMACOLOGY, Vol. 48, 
no. 2, 1979, pages 273-278, table 1 


i,n,3,J*-10,3O-30 











Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



45 



EP 0 816 375 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/ES 96/00214 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Cileiory* 



A 
A 



Citation of document, with indication, where appropriate, of the relevant paaaages 



H. MIYAZAKI ET AL: "Disposition mod metabolism of [14C] 
loperamide in rats.** 

EUROPEAN JOURNAL OF DRUG METABOLISM AND 
PHARMACOKINETICS,' , 0 i. a, nos. 1-2. 1979, pages 199- 
206, figure 9 

ND. EDDINGTON & D. YOUNG: "Biliary excretion of reduced 
haJoperidol glucuronide" 

PSYOiOPHARMACOLOGY.Vol. 100, no. 1, 1990. pages 
46-48. abstract 

JILEK et ai: "Synthesis of piperidine derivatives as potential analgetic 

agents^^oitect. Czech. Chcsa-JeomnmiE^Vol "iSSl 1990. 
pages 1828-1853, pages 1828 to 1829 

US 3647806 A (CROSS, AJX) 
abstract, claia 1 

PATENT ABSTRACTS OF JAPAN, CD-ROM PAJ A61-63, 1976- 
1990 (1/2) 4 

JP 59152328 A (EISAI CO LTD) 31 August 1984 (31.08.84) 
abstract 



Relevant to claim No. 



1,4,5,14-16,56-58 



1,4,5,14-16,56 



1-20,55-63,88-90 



1-20,72-84,88- 
90,101,102,104 

1-104 



Form PCTASA/210 (continuation of Kcond iheet) (July 1992) 



46 



EP 0 816 375 A1 



INTERNATIONAL SEARCH REPORt 



ttion No. 
PCT/ES 96/00214 



Bos I Obeervettoas when 



wen fraud mcanhfible (Coatiaucticc of item. 1 of fint iheet) 



ThU international teaichjrporthu rot been establish I7(2)(t) for the following reatons: 

1. pi CUirotNoi.: 

1 — 1 because they relate to subject matter not required to be searched by this Authority, namely: 



2. Q ClaimsNos.: 

because they relate to parts of the international Application that do not comply with the prescribed requirements to such 
an extent that no meaningful interns tianal search can be carried out, specifically: 



3. ["I ClaimiNos. 
L — 1 because they are 



dependent cUinu and arc not drafted in accordance with the aecond and third sentences of Rule 6.4(a) 



Box D Observations where unity mf lnradoa is lacking (Continuation of item 2 af first sheet) 



This International Searching Authority found multiple inventions in this international application, aa follows: 



1. f"x] As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchabteclaizns. 

3^pTj fi# £ n tecxchable claims cdtUd bTscicSuxl without c^rt justifying ans^arUonal fee, thn^uuwity rf& net invite payment* 
of any additional fee. 

3. I I As only some c/tlie required additional search feci were timely paid by the applicant, this international search report 
1 — 1 covers only those claims for which fees were paid, specifically claims Not. : 



, ^v^smSS 5 ' 



4 I — I No required additional search fees were timely paid by the applicant. Consequently, thii international search report is 
« — I restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest ( | The additional search fees were accompanied by the applicants protest. 

j | No protest accompanied the payment of additional search fees. 



Form PCT/BA/210 (eontnmahao of first sheet (1)) (Jury 1992) 



47 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

M BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



